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PggyACB.
Although the osoaes were first prepared by Emil Flsoher 
sixty-five years ago and, la the interveaing period, lavestigatioa 
of these ooupouads has not been aegleoted, there exists no modern 
oospreheasive review of their chemistry and bioohémistry* In
Qonsequsaoe, Part I of this thesis is a full and oritioal survey 
of work published on the osoaes up to June, 1953#
Part II, a dissuasion of the methods and results of the 
author*a own reseaireh on the subject, is presented under the 
same arrangement of sub-titles as that used ia Part I* The 
object of this research was to investigate the preparation and 
properties of the osoaes, ia particular o-glucosome, and their 
derivatives by the applieatioa of both modern and elassioal 
methods of carbohydrate chemistry, with a view to establishing 
the structural features of these compounds* An attempt has 
been made to correlate the author*s own results with those of 
other workers and, at the same time, to develop limes of attack 
which have hitherto received no attention*
Part III is a detailed report of the author* s experi­
mental work.
The material presented stands as a contribution to 
carbohydrate chemistry. That further investigation of the osoaes 
is justified may be realised from consideration of the following 
factst no completely satisfactory methods for the preparation, 
characterisation, and estimation of a pure osoae have been evolved{ 
no osone has been crystallised and no preparation of a crystalline 
derivative from which the osone may be readily regenerated has 
been described; there is little definitive knowledge of osone 
structure. In addition, the elucidation of the precise chemical 
structure of o-glucosone and its behaviour in solution is 
essential for the complete understanding of the biological 
signifieanee of the compound.
The author is greatly indebted to (the late) Prinoipal 
Sir James Colquhomn Irvine, F.R.8., for kindly advise
and every eneouragement, to Professor A. £• Ritehie for adviee 
on the presentation of the material, to Dr. A. Hynd and Dr. 8. 
Bayne for supervision, to Professor S. L. Hirst, F.H.S., Dr.
D. J. Bell and Dr. J. W. H. Oldham for helpful dissuasion and 
eritioism, to Rrofesser H. J. Rose, F.B.A., and Dr. A. Cysar» 4for assistanoe in the translation of original papers, to Mr.
1. L. S. Mitohell for acetone determinations, and to Nr. E. 
Caratairs for assistance with the photographie work; also to 
the Carnegie Trust for the Universities of Bootland for a 
Research Beholarship.
J. A. F.
The United College, St. Andrews.
August, 195).
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1. THS FORMATION & PREPARATION OF OSONES.
1.1. Introduotloa.
Flsoher*a synthesis in 1834 of the phenylosasone# of the 
reducing sugars, a sequel to his synthesis of phenylhydrasine, 
initiated his celebrated carbohydrate researches. In 1888 he 
published the first recorded account of the preparation of an 
osone, by the decomposition of o-glucose phenylosasone.
Fischer (1888) first called the compound "oxyglucose**, 
but later (1889) renamed it gluoosone since the former name 
suggested the presence of an extra hydroxyl group, whexocs the 
change from glucose, as he visualised it, involved dehydrogen­
ation of the secondary alcoholic group adjacent to the reducing 
portion of the molecule to a ketone group. The general term 
of osones was applied to the compounds obtained from the phenyl- 
osasones of other sugars.
dyad (192%) suggested that instead of gluoosone a less 
misleading term would be "aldo-fructose", "which would be equ­
ally correct as the compound is, at one and the same time, the 
keto-derivative of glucose and the aldo-derivative of frudbse". 
Myrback (1939) gave 2-keto-glucose as an alternative to the term 
gluoosone, while Ohle & Hielsoher (1941), without explanation, 
used the name fruetosone for the compound. Sowden (1947), in a 
plea for a systematic nomenclature for carbohydrates, pointed 
out, as an instance of the inadequacy of the existing system, 
that D-glucose phenylosasone was not essentially a derivative of 
D-glucose, since in the formation of an osasone there was a loss 
of asymmetry about . The more correct general term for the 
compound, in his opinion, was p-arabohexose phenylosasone, and 
for the corresponding osone, p-arabohexosone.
However, the name gluoosone is still widely used and 
accepted, and it is the intention of the author to use it 
throughout this present thesis.
7.
1.2. By Deoomposition of the Corresponding Phenyloaaaone.
1.2.1. Action of Hydrochloric Acid.
Fischer (l888) reported that treatment of D-gluoose 
phenylosasone with fuming hydrochloric acid gave phenylhydrasine 
hydrochloride and a highly reactive nitrogen-free product, which 
oould not be crystallised. He showed that the sugar, o-glucosone 
(oxygluoose), obtained in 40% yield, rapidly reduced Fehling's 
solution and, with phenylhydrasine acetate, formed o-glucose 
phenylosasone, both reactions occurring without the application 
of heat. No analysis of the osone was reported.
Fischer (IB89) improved the preparative technique for 
D-glucosone. Purification and isolation was carried out by
precipitating the osone in alkaline solution with lead hydroxide, 
followed by acid decomposition of the lead complex; gluoosone 
was obtained as an almost colourless syrup. Fischer also 
reported the preparation of osones from the phenylosazones of 
galactose, sorbose, lactose, maltose, "a-acrose**, "B-aorose", 
"formose", arabinose, and rhannose. Nome of the products 
crystallised and all showed reducing properties similar to 
those of gluoosone.
Hynd (1927a) further purified gluoosone, prepared by the 
method of Fischer (1389), by repeatedly extracting it with 
absolute ethanol, thereby freeing the sugar from inorganic con­
taminants. He was unable, however, to crystallise it.
1.2.2. Action of Carbonyl Compounds.
For the improved preparation of osones (in 70^ yield) 
from the phenylosasones of the disaocharides maltose and meli- 
biose, Fischer & Armstrong (1902) used bensaldehyde in dilute 
acid medium to remove the phenylhydrasine residues, a method 
which Hersfeld (1393) had employed in obtaining xsaltose from 
maltose phenylhydrasone. Such a method avoided conditions 
liable to cause hydrolysis of either the disacoharide osasone
8 .
or osone products; in addition, the ready transformation of 
disacoharide phenylosasones in mineral acid solution to anhydro 
derivatives (Fischer, 1887a| Perclval & Perclval, 1937;
Bayne, 1932b) would be prevented. Lewis (1909) claimed to ob­
tain almost quantitative yields of maltosone by extending the 
reaction time of this method. The bensaldehyde process was 
used by Fischer & Zemplin (1909) for the preparation of cello- 
biosonc, and by Hynd (192%) for lactosone. Similarly, Bayne 
(1932b) obtained an osoae by decomposition of "anhydro-lactos- 
asone*', which latter compound he showed to be 3<6-anhydro-4<*B- 
D-galactosido-D-allose phenylosasone,
Morrell & Crofts (1903a) referred to unsuccessful att­
empts to apply the bensaldehyde method to the decomposition of 
D-glucose phenylosasone, which, unlike the phenylosasones of 
the disaocharides, is almost insoluble in ethanol and in hot 
water. However, Mayer (1912) obtained gluoosone, on a small 
scale only, by initially dissolving glucose phenylosasone in 
excess bensaldehyde. Hynd (192%) modified the conditions and 
obtained gluoosone ia rather poor yield; by a similar method 
Perclval & Perclval (1933) prepared gluoosone in 7% yield.
By the introduction of further modifications, Bayne, Collie & 
Fewster (1932) increased the yield and purity of the product. 
Fischer & Armstrong (1902) hydrolysed maltosone, prepared by 
the bensaldehyde process, with an aqueous extract of brewer's 
yeast to give a mixture of gluoosone and glucose; also meli- 
biosone, similarly prepared, with emulsin to gluoosone and 
glactose; Fischer & Zemplen (1909) hydrolysed cellobiosone, 
prepared by the bensaldehyde method, with emulsin to gluco- 
sone and glucose. Hynd (192%) obtained gluoosone, in admix­
ture with glucose and galactose respectively, by hot acid 
hydrolysis of maltosone and lactosone; hot acid hydrolysis of 
maltosone had previously been reported by Lewis (1909)*
The bensaldehyde method was first used for the prepar­
ation of osones from the phenylosasones of pentoses, which are
soluble ia etbsaol sad ia hot water, by Flecker & Armstrong 
(1902). Similar preparations were later described by Morrell 
& Bellars (1905)$ but the yields of osoaes were very low#
Bayne (1952a) prepared e-altro-(o-gluoo)-heptosone 
(sedoheptulosoae) by decomposition of sedoheptnlose phenyl­
osasone with bensaldehyde#
Morrell & Bellars (1905) described the use of £-nitro- 
bensaldehyde in aqueous ethanolio solution at 125  ^in place of 
bensaldehyde for the decomposition of the jihenylosasones of 
glucose and rhannose, but very low yields of osoaes were ob­
tained. fercival & Pbroival (1955) prepared gluoosone by 
the action of j^nitrobensaldehyde on glucose phenylosasone in 
a yield comparable with that obtained by Fischer (I889) using 
hydrochloric acid.
Brikll (1936) decomposed glucose phenylosasone with an 
excess of pyruvic acid and reported a 40$ yield of gluoosone.
Morrell & Crofts (1903a) stated that no gluoosone was 
obtained by the action of formaldehyde on glucose jdienylosasone.
1 .2.3* Preparation of Osones as Intermediates in the Synthesis 
of irAsoorbic Acid and its Analogues.
One of the main methods available for the synthesis of 
t-ascorbic acid and its analogues is the addition of hydrogen 
cyanide to the corresponding osone followed by hydrolysis# this 
method was utilised simultaneously by Ault, Baird,,Carrington, 
Haworth, Herbert, Hirst, Percival, Smith & Stacey (1935) and by 
Reiohstein, Orussaer & Oppenauer (1933ct 1933b) in the first 
syntheses of d- and L-ascorbic acid. In all syntheses carried 
out by this method the requisite osones have been obtained by 
the decomposition of the corresponding phenylosasones, although 
in many cases the osones were not isolated.
The following osones have been prepared by the hydro­
chloric acid method: d- and t-xylosone (Ault et al.. 1933)#
10.
L-#r*blao#oae (Baird, Haworth, Herbert, Hirat, Smith & Staeey,
1954)1 D-gluoomoae (Amlt Ü  ja., 1955# Baird et el*i 1954» 
Haworth, Hirat, dome# & Smith, 1954# Beiohatela, Cbruaamer & 
Oppeaaaer, 1954)# k-glueomome (Haworth, Hirmt & Joaem, 1957)# 
o-galaetoaoae (Baird et al., 1954# Haworth et al., 1954# 
Heiehateia et al.. 1954)# L-galomoae (L-aorboaome) (Reiohateia, 
et al.. 1954)# t-rhamaoaome (Reiohateia, Ormaemer & Oppeaamer,
1955)# L-fttooaoae (Reiohateia & Demole, 1956)# p-glweohept- 
oaoae (Carpeai, 1956a).
Deeompoaitioa of the oorreapoadiag pheayloaamoaea with 
beaaaldehyde ia aqmeoma ethaaolio aolutioa waa employed for the 
preparmtioa of the followiag oeoaeei o-myloaoae (Reiohateia et 
al.. 1955#* 1955b)# v-xyloaoae (Heiehateia et ja., 1955b)#
D-arabiaoaoae (Reiohateia et al.. 1954)# L-arabimoaoae (Baird 
et aj^ ., 1954# Reiohateia et al.. 1954)# o-gmlaotoeoae (Baird 
1954)# t-guloaoae (Mieheel, Kraft 6 Lehmann, 1954)# 
L-alloeone (Steiger, 1955)# laetoaone (Baird et al.. 1954).
Smith (1946) haa stated that, "In order to faeilitate 
the isolation of the aaoorbie aside it is important to obtain 
the osones ia as pure a state as possible and this depends to 
a large extent upon the initial isolation of a pure osasone. 
Experiments hart demonstrated that if the osasone is soluble 
ia ethyl alcohol (as ia usually the case with those oaamoaea 
prepared from pentose sugars) it is advisable to convert the 
osaaoae into the osone by the agency of bensaldehyde. On the 
other hand, if the osasone is sparingly soluble in alcohol, 
the osone ia beat prepared by decomposition of the osasone withIconcentrated hydrochloric acid.
1.2.4. The Indireet Preparation of Ethers and Eaters of 
D-dlucosone.
Partially methylated osones have been prepared indir­
ectly by decomposition of the corresponding partially methyl­
ated phenylosasones. Thus, Percival & Percival (1955)
II.
decomposed pmrtislXy me twisted D-fXmoeee phenylosssoae with 
jj^nitrobeassldehyde amd obtsimed, they claimed, 5-0-methyl 
o-flttcosone and 3#4i5-j0-triaethyl o^flmcoeome. Hartley & 
Liamell (1940) reported that initial attempts to prepare 6-£- 
methyl o-i^moosone by heating 6-jO-methyl o-gluoose phenylosa­
sone with bensaldehyde or piperonal in aqueous ethanolio solu­
tion or with formaldehyde ia aqueous solution led in each case 
to reoowery of the uaohaaged phenylosasone. Decomposition of 
the phenylosasone wme effected with hydrochloric acids the 
osoae was not isolated but was redueed in solution to 6-£- 
methyl o-fructose. Skinner (1948) prepared 3**J^eethyl 
o-glucosoae by the decomposition of 5-0-methyl o-gluoose 
phenylosasone with bensaldehyde (c.f. Bayne, 1932#).
von LebSdev (I9IOJ obtained o-glucoeone-6-phosphate, 
isolated as an amorphous lead salt, by the action of hydro­
chloric acid on the phenylosasone of fructose-6-phosphate.
1.2.3. The Meehanisms of the Reactions.
The conversion of a sugar into the corresponding osone 
involves an omidationi in the preparation of an osoae from an 
osasone the oxidation of the parent sugar may be considered to 
have occurred in the formation of the osasone. Thus, Fischer 
(1888) visualised the conversion of o-gluoose (I) to p-glucos- 
one (XII) via o-glucose phenylosasone (II) to occur as follows, 
alljcompounds being represented in the open chain form:
ÇHO HGgN.hm.C^H^ ÇHOH-C-OH CtOHO-Ç-H H0-6-H HO-i-HH-C-Ofi ^ H-Ç-ÔH  ^ H-6-OHH-^-OH H-Ç-OB H-C-OHCB^.Oa CH..OH CH^ .Ofi
(I) (II) (III)
Itjshould be noted that (II) represents the bisphenylhydrasone 
of (III) as well as the phenylosasone of (I), and, in fact, 
the editor# of Beilstein give, as an alternative to "o-gluco## 
phenylosasone", "o-glucosone bisphenylhydrasone". The correct
12.
formulation of the reaction leading to ths formation of oaonea 
from oaaaonea ia complicated by the existence of geometrical 
isomers of the osasones as well as the possibility of both 
cyclic and acyclic forms (Percival & Percival, 19331 Percival, 
19361 Wolfrom, Koaigsberg & Soltsberg, 1936). If, however, 
the osasones are written in the conventional manner as open 
chain biephenylhydrasones (II) of the dicarbonyl compounds 
cleavage by hydrochloric acid represents hydrolysis at the 
asomethine linkages.
Handl (1930) has suggested that decomposition of the 
osasones by bensaldehyde or its homologues is due to competi­
tion between carbonyl groups. Ksndl (1930) also showed that 
the phenylhydrasine residues of the phenylosasones are slightly 
labile in acetic acid solution, and postulated that such labil­
ity would explain the mechanism of "transosasonation" (Engel, 
1933) which he favoured. for example, when glucose phenyl­
osasone was heated in acetic acid with 2:4~dinitrophenylhydra- 
siae, glucose 2:4-dinltrophenylosasone was precipitated.
Mandl proposed that slight hydrolysis of the phenylosasone 
occurred to give an equlibriua mixture of phenylosasone and 
osone# the osone was removed by immediate reaction with the 
2:4-dinitrophenylhydrasine, to form practically insoluble 2*4- 
dinitrophenylosasone, thus disturbing the equilibrium. The 
reaction proceeded in this way until the entire substrate was 
converted to the much less soluble 2%4-dimitropheaylocasone. 
This hypothesis was supported by the demonstration that gluc- 
osoae was produced ia 4$ yield by heating glucose phenylosasone 
ia 23% acetic acid for three hours.
It is apparent that the formation of osoaes by the 
treatment of phenylosasones with bensaldehyde, ia dilute acid 
medium, is analogous to transosasonation, the equilibrium
phenylosasone > osone ♦ phenylhydrasine
being disturbed by removal of the phenylhydrasine as insoluble 
bensylideae phenylhydrasone. A similar mechanism will operate
13
in the décomposition of phenylosazones with hydrochloric acid, 
the free phenylhydrasine being removed as insoluble phenyl- 
hydrazine-hydroohloride.
- ' ÿ J  ^>fJ . .rr* ' I • nil
f - " -
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1*3. By Direct QxlAatlon of the Corresponding AlAoso or
1.3.1. Action of Fenton's Reagent.
Fenton (1394s 1893# I896) showed that dihydroxyasleic
acid was formed by oxidation of tartaric acid with the reagent 
that bears his name, namely, hydrogen peroxide in the presence 
of ferrous sulphate. Such a reagent is in contrast to that 
used for the Ruff (IB9 8) degradation, a process which utilises 
hydrogen peroxide in the presence of ferric salts.
Cross, Bevan & Bmith (I898) applied Fenton's reagent to 
the oxidation of glucose, fructose, and sucrose. They found 
that the products reacted with phenylhydrasine and reduced 
Fehling's solution at ordinary temperatures, but they were un­
able to decide the nature of these substances.
Morrell & Crofts (1899) further investigated the oxid­
ation of carbohydrates under these conditions and claimed to 
identify the first products of oxidation as osones. Thus, 
o-glucose gave o-glucosone, characterised by the ready form­
ation of o-glucose phenylosasone and methylphenylosasone at 
room temperature, as well as the formation of precipitates with 
jc-diamines, hydrasine hydrate, or bensoylhydrasine, also in the 
cold, and with aniline at slightly higher temperatures. They 
pointed out that Fischer (I8S9 ) considered the ready formation 
of a methylphenylosasone to be a characteristic test for an 
osone, but ignored the fact that Fischer also described the 
preparation of a specific methylphenylhydrasone of o-glucosone.
To avoid further degradation of the osoae product 
Morrell & Crofts limited the action of the oxidising reagent on 
the sugar, but were unable to achieve complete conversion. In 
the case of the oxidation of o-gluoose they removed unchanged 
sugar by fermentation with brewers' yeast, the osone being un­
attached. The aqueous osoae solution was then evaporated and 
the syrupy residue dissolved in absolute ethanol and an excess 
of ether added to the solution. Qlucosone was precipitated
15
as a white hygroseopio solid which soon changed to a syrup.
The oxidation of fructose was reported to be more rapid than 
that of glucose. Oxidation of galactose, rhamnose, and starch 
gave solutions that yielded phenylosasones at room temperature 
on addition of phenylhydrasine. The formation of an osoae 
from arabinose was indicated by the ready preparation of arab­
inose methylphenylosasone under conditions which gave only a 
methylphenylhydrasone from arabinose. Neuberg (1902) reported 
the oxidation of o-arabitol with Fenton's reagent and claimed, 
on the basis of conversion into arabinose methylphenylosasone, 
the formation of o-arabuloee, since under the conditions used 
o-arabinose yielded a methylphenylhydrasone. Morrell & Crofts 
(1903h) suggested that conversion into an osasone was indicative 
of the presence of arabinosone among the iroduota of the oxida­
tion. Later, Shinoda, Sato & Sato (1932) reported that oxida­
tion of either polygalitoi or styracitol with Fentons reagent 
produced gluoosone, characterised as glucose phenylosasone.
The osone products of the oxidation of glucose, fructose, 
arabinose, and rhamnose with Fenton's reagent were removed from 
the reaction medium by Morrell It Crofts (1900) by preoipitatiom 
with lead hydroxide in alkaline solution according to the method 
of Fischer (I889). After acid decomposition of the lead com­
plex the osoaes were characterised as their corresponding phenyl­
osasones; the osones of arabinose and rhamnose prepared in this 
manner were also characterised as their respective j^ -bromojdienyl- 
osasones (Morrell & Crofts, 1903b). Oxidation of galactose was 
reported (Morrell & Crofts, 1900), but no osone product was isol­
ated, it being presumed that the oxidation i,roceeded too far, 
with the consequent production of acidic compounds. Later, 
Morrell & Crofts (1902) suggested that the anomalous results 
"were possibly due to the internally compensating positions of 
the hydrogen atoms and hydroxyl groups in galactose". Using 
neutralised hydrogen peroxide in the presence of ferrous sulphate 
it was shown that sucrose was first inverted, since gluoosone was
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was formed; similar hydrolysis of maltose and of laotoee was 
later reported by Morrell & Bellars (1903).
The oxidation of manaose with hydrogen peroxide with 
the production of glucosone was also reported by Morrell &
Crofts (1902). At the same time they described the prepara­
tion of 3g. of white solid by the oxidation of 60g. ofoglucose 
orofructose with Fenton's reagent, the product being isolated 
by the method of ether precipitation (Morrell & Crofts, 1399), 
after purification by the method of Fischer (I889). Fro# the 
optical activity of the white solid, Morrell & Crofts were led 
to the conclusion that it was contaminated with a small quan­
tity of parent carbohydrate since the osoae obtained from glu­
cose was slightly dextrorotatory, while that from fructose was 
moderately laevorotatoryi Fischer (I889) reported thatogluco- 
sone, prepared fromr>gluoosc phenylosasone, was feebly laevo- 
rotatory. Morrell & Crofts showed that solutions ofoglucosone 
prepared by the oxidation of either glucose or fructose showed 
slight laevorotation after fermentation with yeast.
With regard to the mechanism of the formation of osones 
by this method, Morrell & Crofts (1399) considered that in the 
oxidation of aldoses the secondary hydroxyl group contiguous toaldehydethe aldehyde group was oxidised to a carbonyl group and that the/ 
group in the presence of the oxidising agent was not affected, 
la the case of fructose it was claimed that the primary hydroxyl 
group, adjacent to the carbonyl group, underwent oxidation to 
the aldehyde radical. Morrell & Bellars (1905) attempted to 
trace the disappearance of different sugars during oxidation 
with hydrogen peroxide by observing the diminution in optical 
rotation, and from the determination of the initial and final 
reducing powers of the solutions, as well as their acidities, to 
elucidate the stages in the oxidation process. Morrell &
Crofts (1903b) had previously shown that "over-oxidation” of 
sugars with hydrogen peroxide led to the production of a variety 
of short chain acids formed by oxidative rupture of the osone
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molecule. Many Investigations have been carried out on the 
oxidation of sugars with Fenton's reagent under various con­
ditions of pH, temperature, and concentration; however, since 
all workers have assumed that the primary oxidation products 
were osones, their results represent studies of the oxidation 
of osones with this reagent, and are therefore discussed under 
that heading in Part II, 2.2.
The catalytic effect of ferrous salts in the oxidation 
of sugars with hydrogen peroxide was ascribed, first by Spoehr 
(1910), and later by Kuchlin (1932), to the formation of a 
complex involving ferrous ions and the carbonyl group of the 
open Chain form of the sugar and its neighbouring hydroxyl 
group. The complex was oxidised at the hydroxyl group, the 
ferrous ion being converted to the ferric ion. It was sugg­
ested that, on dissociation of the oxidised complex, with the 
production of an osone, ferric ions might be reduced to the 
ferrous state at the expense of the osoae. It is considered 
that ferric ions will not catalyse the oxidation of sugars by 
hydrogen peroxide, and that since ferric salts are used as cat­
alysts in the Ruff degradation of aldonic acids to sugars con­
taining one less carbon atom, any ferrous ions formed must be 
rapidly re-oxidised by hydrogen peroxide to ferric ions since 
no osoae formation in the course of this degradation has been 
reported. According to Haber & Weiss (1934) ferrous salts 
bring about the decomposition of hydrogen peroxide into free 
radicals; Waters (1945) has suggested that the neutral hydr­
oxyl radicals are the true oabalysts in ferrous ion-catalysed 
oxidations of a-hydroxy acids to 2-kcto acids.
13.2. Action of Cupric Acetate.
Kvans, Nicoll, Strause & Waring (1928) oxidised gluc­
ose, fructose, and galactose in aqueous solution with excess 
cupric acetate at 50^ "for the purpose of ascertaining whether 
the general principles underlying the mechanism of carbohydrate
18.
oxidation in alkalin# aolutioa# are auffiaient to explain the 
oouraejof auoh oxidations in aeid solutions". In the oases of 
glucose and fructose one of the first products of oxidation 
was claimed to he glucosone; the osone was not isolated# and# 
in fact, it was only identified in the reaction medium on the 
evidence of the ready formation of glucose phenylosasone with­
out the application of heat. Evans £t al. showed that after 
five hours oxidation 13.25$ of the carbon atoms of glucose and 
23.83$ of those of fructose could be recovered from the reaction 
medium as glucose phenylosasone, formed at room temperature.
No osone derivative was obtained from the oxidation of galactose, 
it being assumed that galaotosone was further oxidised as rapid­
ly as it was formed.
Evans and his associates visualised gluoosone to be 
formed according to the following reactions;
Glucose
or <Fructose
aa.cu.oa caoI  ^ -—— " , IÇ-OSs..:_. Htf.Cw.OH 6:0ao-ç-H ao-^-a
a-ç-oB -— *• H-ç-oa
a-ç-oa a-ç-oa
c a ..OH c a ..OH
(IV)
They thus regarded the intermediate enediol (XV) as an acid, and 
presented evidence to support this view. They showed that osoae 
formation was accompanied by simultaneous production of formic 
acid, considered to arise from the oxidation of hydroxymethylene 
obtained by rupture of the li2-enediol (IV). Further oxidation 
produced a variety of acids by oxidative breakdown of the osone 
molecule; the nature and mode of formation of these products 
are discussed ia Part I, 2.2.
Weidenhagen (1937) further investigated this type of 
reaction, and described a procedure for the oxidation of sugars 
which was a modification of a method due to Hence (1931a; 1931b)
for the preparation of phenylglyoxal from bencyl alcohol. 
Weidenhagen found that osoae formation could be made the main
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reaetion if, in place of water or dilute alcohol ae solvent, 
concentrated ethanol or, preferably, methanol was used, and 
instead of a great exoeos of cupric acetate, at most 100$ of 
the theoretical was allowed to react and that only for a very 
short time. In this manner 60$ yields of t-gulosone and 
L-xylosone were obtained by the direct oxidation of L-sorbose 
and t-xylose, the osoaes being estimated by conversion into 
the corresponding pheaylossnones. The osoaes were not isol-
atedjia pure state but were converted into ascorbic acid 
(t-gttlosoae via 2-oxo -i-gulonic acid and L-xylosone by the 
oyanhydrin method). Oxidation of other hexoses was reported 
tcj^ give 40$ yields of the corresponding osoaes although a 60$ 
yield was obtained from galactose, from which sugar previous 
investigators (Morrell & Crofts, 1900# Evans et al.. 1928) 
had been unable to obtain galastosone by direct oxidation.
As a method of preparation of osones required for the 
synthesis of l-ascorbic acid and its analogues, the method of 
Weidenhagen is valuable since, for this purpose, it is not 
necessary to isolate the osones in a pure state. Stone (1^ 4 0) 
patented a method of preparation of compounds of the ascorbic 
acid series in which the requisite osones were obtained by a 
modification of Weidenhagen*s procedure# Salomnn, Burns &
King (1952), by the introduction of further modifications, 
prepared L-xylosone in 4u-5#% yield, calculated on a quantita­
tive conversion into iaino-L-ascorbic acid. Hamilton & Smith 
(1932) prepared o-xylosone as an intermediate, in the synthesis 
of D-asoorbic acid, by the method of Weidenhagen, which they 
considered to be "by far the best method for making osones but 
it does not seem to have received the recognition that it des­
erves". Such a statement is only valid in the case of osones 
to be used as intermediates is ascorbic acid syntheses, when 
isolation of a pure product is not essential# as a method of 
preparation of osones for chemical and metabolic investigations 
that of Weidenhagen suffers from the disadvantage common to all
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methoda of dlroot oxidmtioa, namely, eoatamlnatloa of the osone 
with produete of further oxidation*
1*3*3* Action of Other Oxidising Agents*
Morrell & Crofts (1900) described the oxidation of glu­
cose with potassium persulphate as ooeurring very slowly at 
room temperature; the optimum temperature was reported to be 
but the yield of osone was vmry small compared to that ob­
tained by the hydrogen peroxide method previously investigated 
by them*
In the auto-oxidation of aqueous solutions of glucose 
containing quinone in the presence of light, Ciamioian & Silber 
(1901) claimed to demonstrate the formation of glueosone, char­
acterised as glucose phenylosasone; a similar observation was 
made in the auto-oxidation of aqueous solutions of glucose con­
taining m-xylene (Ciamioian & Silber, 1913). Morrell &
Beliars (I903) performed auto-oxidation experiments with benm- 
aldehyde as inductor, whereby the oxidations of glucose and 
fructose, in the presence of ferrous sulphate, were slightly 
accelerated, but the yields of osone were very poor* They 
also showed that radium emanations had no influence on the 
oxidation of carbohydrates by air in the presence of ferrous 
sulphate* Mayer (1911) described the formation of glueosone 
by the ultraviolet irradiation of aqueous solutions of glucose 
containing a trace of sodium carbonate, a change which did not 
take place without the agency of ultraviolet light.
Dixon & Harrison (19)2) prepared glueosone by the oxid­
ation of fructose, in aqueous solution, with hot selenious acid; 
isolation and purification was carried out after the manner of 
Fiseher (I889), but no yield was quoted* Selenious acid had 
previously been used as an oxidising agent, for the preparation 
of substituted glyoxals, by Riley, Morley & friend (1932), who 
also reported that fructose, but not glucose, was oxidised by 
this reagent* They did not investigate the products of the 
reaction.
21.
1.).4. Conclusions.
In many oaaea, evideno# for the formation of oaonea by 
the direct oxidation o€ aldoses and ketoses has been inadequate, 
based as it has been on the conversion of the produots into non- 
definitive osanones. As a means of obtaining pure osones, 
suitable for structural and metabolic investigations, all the 
methods described are unsatisfactory; with the exception of the 
method of Weidenhagen yields of osones are very low, and in 
every case the osones are contaminated both with unchanged star­
ting material and the products of farther oxidation, the degree 
of contamination varying with each method. The separation of 
osones from such impurities is almost impossible, except, per­
haps, by a chromatographic method (see Part II, 2.1.6.); thus, 
Morrell & Crofts (1900) showed that even after the isolation of 
the osone products by precipitation with lead hydroxide in alka­
line solution (Fischer, 1889) followed by precipitation from 
ethanolic solution with ether they still contained unchanged 
parent sugar. Complete purification could, in fact, only be 
achieved by conversion of the osones into specific crystalline 
derivatives, such as methylphenylhydramones (Fischer, I869) or 
isopropylidene compounds (Bayne, Collie & Fewster, 19)2), from 
which the osones could be readily regenerated; by such means 
the poor yield of osone originally obtained would be even fur­
ther decreased, although the method of Ceidenhagen, which can 
be carried out on a large scale, followed by such modes of pur­
ification, might provide a feasible preparation of pure osones 
(see Fart II, 1.2.1.2.).
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1.4» Indireot 5yath#e#e of Substitut#* Osom##.
1,4*1# O^Aoetyl and £-Bansoyl Derivative# of Oeone*.
Maurer & Mahn (1927), in the firat of a series of papers« 
described the preparation of two new anhyArosugars by the action 
of diethylamine and other aliphatic secondary amines on 2:):4*6- 
-tetra-Oracetyl-D-glueosyl bromide and 2;3*4:6-tetra-0-acetyl~ 
-D-galactosyl bromide respectively.
Maurer (1929) reported an improved preparation of the 
anhydrosugar derived from tetra-O-aoetyl-o-glucosyl bromide.
He formulated the product as (V) and named it "2:5z426-tetra- 
-acetyl-l*2-gluooseen", in accordance with the nomenclature of 
Helferich & Hiimnen (1928), who had synthesised and named "tetra- 
-acetyl-(5:6)~gluooseen".
CW^.OAc.
Hi
(VI)
Ac 6 w.
(V)
Catalytic hydrogenation of (V) was achieved by Zervas (19)0^ 
with the production of the dihydro derivative (VI), identified 
as tetra-C-aoetyl styracitol (tetra^0-aeetyl-l%5~anhydro
o-mannitol); the other predicted 2-epimer, tetra-O^aoetyl 
polygalitol, was found in much smaller amounts by Richtmyer,
Carr & Hudson (1943) after catalytic hydrogenation of (V). It 
is interesting to recall tiiat Shinoda, Sato & Sato (1932) 
claimed to obtain o-glueosone by the oxidation of styracitol or 
polygalitol with Fenton's reagent (see Part I, 1.3.1.).
Maurer (1929) showed that treatment of (V) in dry ether 
with chlorine produced a mixture of isomeric diohloro derivatives 
which could not be crystallised. Addition of silver carbonate 
and a few drops of water to the chlorination products in ether 
caused evolution of carbon dioxide and separation of a crystalline 
compound. From the observations that the latter reduced
2)
P#hling*B solution in tho odd, deodorised potassium jperman- 
ganate in sodium oarbonate solution, exhibited mutarotation, 
and, after short treatment with alkali, gave o-gluoose phenyl- 
osaaone with phenylhydrasine at room temperature the compound 
was formulated as 2*);4:6-tetra-0^aoetyl o-gluoosone hydrate 
(VII). This was the first recorded observation of mutarota­
tion of a solution of an osone or substituted osone.
CH,.Oflc.
OAc w
oAc
'Hbw) 
v\ 6ac(oh^
(VII) (VIII) (IX)
One of the diohloro derivatives, formulated as (VIII), 
of tetra-O-acetyl-2-oxygluoal* was later crystallised (Maurer, 
1930) and this was reported to give (VII) in 90% yield when 
treated with silver oarbonate. With acetic anhydride in pyr­
idine at 0^ tetra-O-aoetyl o-gluoosone hydrate gave a crystalline 
product which was identified as di-O-aoetyl kojio acid (IX), 
which, on solution in methanolio ammonia, gave successively 
mono-O-aoetyl kojio acid and the free acid, 5-hydroxy-2-hydroxy- 
methyl-&-pyrone. In this manner glucose was converted into 
kojio acid by purely chemical means; hitherto the acid was only 
obtained as a metabolic product of many fungi (mainly Aspergill!) 
and certain bacteria (for reviews see Barham & Saits, 1934; 
Foster, 1949)#
Maurer & Muller (1930) described the preparation of 
tetra-^-aoetyl-2-oxy-o-galaotal (X), Chlorination of (X), 
followed by treatment with moist silver carbonate gave, they 
claimed, crystalline tetra-0~acetyl o-galactosone hydrate (XI),
* The designation "1%2-glucoseen" previously proposed (Maurer, 1929) was abandoned at the suggestion of M, Bergmann and the 
editors of Beilstein, although this terminology is still 
commomly used.
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whioh showed properties similar to those of (VII); (XI) gave 
D-gal&otose phenylosasone with phenylhydrasine at room temper­
ature, after short treatment with alkali $ and with acetic 
anhydride in pyridine kojio acid was formed.
CH^.OAc CH^ OAc
fkO
H W
(X) (XI)
Maurer & Flotner (1951) carried out similaur investiga­
tions on hepta-O^acetyl-2-oxycellobial and on hepta-O-acetyl- 
-2-oxy-gentiobial. They claimed that the former gave one 
crystalline dichloride which, with excess silver acetate in 
hot acetic acid, yielded crystalline nona-£-aeetyl cellobiosone 
liydrate, but did not react with moist silver carbonate; the 
mixture of non-crystalline diohloro derivatives, however, did 
react, with the production of crystalline hepta-O-acetyl cello* 
biosone hydrate. The latter compound, after alkaline hydroly­
sis, did not form oellobiose phenylosasone with phenylhydrasine. 
Maurer & Plotner reported that neither nona- nor hepta-0-acetyl 
oellobiosone hydrate, with acetic anhydride in pyridine, gave a 
kojic acid derivative , but, instead, hepta-O-aoetyl oellobi­
osone. They postulated that kojio acid formation was preclu­
ded by the glucosAdic linkage on which, being stable to 
acetic anhydride, prevented the formation of a double bond 
between and ; instead, the excess acetic anhydride con­
verted the hydrated group at into a free carbonyl form. It 
was claimed that the non-crystalline products of chlorination 
of hepta-O-acetyl-2-oxygentiobial, with moist silver carbonate, 
yielded an osone product, identified qualitatively, which, with 
acetic anhydride in pyridine, was converted into a kojic acid 
derivative, again identified qualitatively. This was explained 
on the grounds that in gentiobiosone the glucosidic residue is
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attached to , i.e. on the side ohain of the pyranoae ring, 
and thus would not hinder the formation of a Y-pyrone struoture*
liaurer & Petsoh (1931) reported that reaction of the 
di-ohloro.tetra-0~aoetyl-2-o%y-D-gluoal (VIII) with sodium or 
ammonium bicarbonate instead of silver oarbonate produced a 
crystalline compound which showed chemical properties similar 
to those of (VII) and exhibited mutarotation. They formulated 
this compound as 3;4:6-tri-2-acetyl o-glucosone hydrate (XII).
It was considered that an acetyl group was absent from since 
the compound was not a stable hydrate, the elements of one mol­
ecule of water being lost on storage jUa vacuo over phosphorus 
pentoxide to form a syrup, formulated as 2^4;6~tri-0~acetyl 
D-gluoosone (XIII), having chemical properties similar to those 
of (XII).
(XII) (XIII)
No mutarotation was observed in aqueous ethanolic solutions of 
{XIII) (c.f# XII), which, in view of the proposed structure, is 
surprising; no positive evidence for the existence of a free 
carbonyl group at was presented. Under the same conditions 
tetra-O-acetyl glueosone hydrate was not dehydrated. Maurer & 
Petsoh were unable to decide whether the readily eliminated 
molecule of water of (XII) was present as water of crystallisa­
tion or of structure, but suggested that structures (XII) and
(XIII) might be present, in equilibrium, in solution; the lack 
of mutarotation of (XIII), however, suggests that the dehydra­
tion is not reversible.
(VII), (XII), and (XIII) were shown to be transformed 
into di-0-acetyl kojio acid merely by dissolving them in pyri­
dine or aqueous pyridine (see Part I, 2.2.). The structures 
of these three compounds were confirmed by determination of the
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number of free hydroxyl groups by the Tsohugaev-Zerewitlnoe 
method.
Maurer & Petsoh (1933) reported that l-^ -beïi2ioyl-3:lfs6- 
-tri-jO-aoetyl o-gluooaone (XIV), prepared by the action of 
benzoyl chloride and pyridine in cold chloroform on tetra-^- 
-acetyl glueosone hydrate$ reduced Fehling's solution and 
decolorised potassium permanganate in acetone but was unaffected 
by hot pyridine, and not debenzoylated by hydrogen bromide.
CH^.002
HCobz)
Ac6 H
H (oflc)
B i O  H
(XIV) ' - (XV)
Tetra~0^ben%oyl-2-oxy-D-gluoal was reported to give a crystalline 
diohloride which formed di-£-benzoyl kojio acid witdi hot pyridine{ 
with sodium acetate in hot acetic anhydride the diohloro deriva­
tive gave l-0raoetyl-3:4;6-tri-0-benzoyl o-gluoosone (XV), which 
was unchanged by the action of pyridine. Ho direct evidence for 
the presence of a free carbonyl group in either (XIV) or (XV) was 
presented.
The mixture of non-crystalline diohlorides of tetra-C- 
-benzoyl-2-oxy-o-glucal, with sodium bicarbonate, gave a compound 
containing four benzoyl groups whioh reduced Fehling's solution 
in aqueous acetone and decolorised permanganate solution, but did 
not exhibit mutarotation; with pyridine, dl-£-ben»oyl kojic acid 
was formed but the compound was stable towards acetic anhydride 
and acid reagents. The compound was named 2:3?V:6-tetra-0-ben­
zoyl o-glucosone and formulated as (XVI).
O&i QzO
BaO H
(XVI)
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Phe compound (XVI) might be better described ae 223%4:6-tetra- 
-0-bensoyl-l:2-anhydro o-glucosone hydrate, and if this struc­
ture is possible the molecule of water associated with C^. in 
the analogous acetyl derivatives (VII) and (XII) is certainly 
not one of crystallisation« That the ethylene oxide ring in
(XVI) was easily opened was shown by the ready transformation 
into di-O-benzoyl kojio acid and the formation of a tri-0-ben­
zoyl glucose phenylosasone with phenylhydrasine in 73% acetic 
acid. Maurer & Petsoh (1933) also obtained a series of par­
tially aoetylated glucose phenylosasones from intact and par­
tially hydrolysed tri-0-acetyl o-glucosone hydrate (XII).
The presence of an ethylene oxide ring in (XVI) would also 
explain the observed lack of mutarotation by the compound.
It is suggested by the present author that the dehydration 
product of tri-^-acetyl o-gluoosone hydrate (XII), formulated 
by Maurer & Petsoh (1951) as (XIII), which also showed no 
mutarotation, is better represented by the structure (XVII), 
such a structure being in line with the proposed (XVI).
HO.CHi
CHi.OAc
O.CHi
At6 H me— o H
(XVII) (XVIII) (XIX)
A 1:2-anhydro ring was considered by Ohle & Heeht (1930) to be 
present in the acétonation product (XVIII) of 1:l-di-£-inethyl 
fructose (XIX) (see Iart I, 1.4.2.).
Maurer & Bohme (1936) reported that tetra-O-benzoyl 
D-gluco6one, with add chlorides in acid solution or with dry 
hydrogen chloride in ether, added on halogen acid with the 
simultaneous production of two moles of benzoic acid. They 
considered that since the reaction took place in acid chlorides 
it was not a hydrolysis, and that the hydroxyl groups required 
for the formation of the benaoio acid were supplied by dehydr­
ation of the sugar with the consequent production of
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D-2luoo8oa@-4:5-en* (XX).
CHi-Ot>i
(XX)
(XX) raduoed Fehling's solution fsadily, decolorised bromine 
water* and reacted with two moles of phenylhydrasine to form 
a phenyloeaeone* with the loss of the halogen atom. A vigor­
ous reaction was reported to occur with pyridine but no homo­
geneous product was isolated; by the action of sodium acetate 
in acetic anhydride (XX) was transformed into di-O-bensoyl 
kojio acid.
Maurer & Bohme were unable to replace the halogen atom 
of (XX) with a hydroxyl group but on attempted reorystallisa- 
tion of the compound from ethanol they reported that there was 
a quantitative replacement of the chlorine atom by an ethoxy1 
group to form a "glucosonide" (XXI).
J—
(#11)
Analogous crystalline compounds were obtained with methanol* 
bensyl alcohol* aniline* and ethane thiol; all reduced Fehling's 
solution only after vigorous boiling* and gave the same di-^- 
-benzoyl phenylosasone* formulated as (XXII). In view of the 
proposed structures for these "glucosonides"* e.g. (XXI), the 
behaviour of them towards Fehling's solution is surprising* 
thus* Militzer (1944) has shown 2-oxo-u-^luoonic acid* a compound 
also considered to possess a free* or at least potentially free* 
carbonyl group at * to reduce Benedict's reagent without the 
application of heat; similar reactivity was reported to be sho^n
(XXI)
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by S^^xo-D-gluoonlo acid. The presence of a free carbonyl 
^rouT in the "n^uooBontdeB” was considered by Maurer & Bohme 
to be established by the formation of semioarbasones, together 
•vith the fact that the compounds did not exhibit mutarotation; 
however, if such a group were present it might be expected 
that reaction of l-£-chloro-3<6*“di-0^-benzoyl o-glucosone
(XX) with ethane thiol would have produced a bisdimer- 
oaptal. It was reported that the "glucosonides** were not 
affected by pyridine but that with sodium acetate in acetic 
anhydride di-0-benzoyl kojic acid was formed. It was claimed* 
on the evidence of polarimotrio observations* that the change 
(XX) (XXI) was accompanied by a Walden inversion, the reaction 
being comparable to the formation of glycosides from aoyl- 
glycosyl halides.
Maurer & Bohme found it impossible to present direct 
proof of the presence and position of the double bond in (XXI). 
Debensoylation of the "glucosonidea" gave strongly reducing 
syrups; the enhanced reducing power was attributed to the 
presence of the free hydroxyl group on Cj * the glyoosidic 
linkage being considered to remain intact sinoe the products 
did not exhibit mutarotation. The glyoosidic linkage in (XXI) 
was reported to be stable not only towards alkalis but also 
towards acids; this latter stability is in direct contrast to 
the instability towards acids of the glycosides of the simple 
sugars. Treatment of the "ethyl glucosonide" with pyridine 
for three days gave an optically inactive compound containing 
one less benzoyl group* while catalytic hydrogenation g?ve a 
product which could not be acetylated. This was in contrast 
to tetra-O-acetyl o-gluoosone hydrate (VII) which* on catalytic 
hydrogenation in acid solution, took up one mole of hydrogen 
with the production of a crystalline compound whioh did not 
exhibit mutarotation and which formed an acetyl derivative.
The published work of Maurer and his assooiatea which 
has been reviewejpriefly in the preceding pages may be
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eritioised oa a aunber of general points apart from those 
already noted. These workers presented no absolute proof that 
their products of indirect synthesis were indeed osone deriva­
tives and the oharaoteristic reaction of these products* namely* 
conversion into kojic acid* was not shown to take place with 
unsubstituted osones prepared by conventional* methods. Many 
of the proposed structures* particularly those of the "glucos­
onides" * are not entirely compatible with the reported proper­
ties and reactioncjof these compounds# the suggestion that 
certain of these compounds were present in solution as equili­
brium mixtures of hydrated and non-hydrated forms was not sub­
stantiated.
Stacey & Turton (1946) claimed to prepare tetra-£- 
-acetyl o-glucosone hydrate by oxidation of tetra-O-acetyl-2- 
-oxyglucal with perbensoic acid# their product differed con­
siderably from that of Maurer (1929) with regard to melting 
point and* in addition* it did not exhibit mutarotation* but 
showed the same chemical properties. They considered that 
their compound was undeniably an osone derivative since* after 
deacetylation* it could be converted into o-glucoascorbic acid 
by ths cyanhydrin method# bromine oxidation followed by acid 
treatment produced a compound which exhibited an ultraviolet 
absorption similar to that of o-araboasoorbio acid. Stacey & 
Turton prepared a crystalline monomethyl ether and a syrupy 
dimethyl ether of tetra-^-acetyl glueosone hydrate. By tit­
ration with dilute sodium carbonate solution they showed tetra- 
-^-aoetyl glueosone hydrate to possess an incipiently ionic 
hydrogen atom which they cohsidered to be associated with the 
hydrhted carbonyl group at # they specified the possible 
reasons for the hydration of this carbonyl group. Stacey & 
Turton demonstrated* by apectrophotometric methods* that tetra- 
-^-acetyl glueosone hydrate was converted into a kojic acid 
derivative by dilute alkali and proposed a mechanism for the 
transformation differing from that put forward previously by
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Maurer & Petsoh (1931) And l8bell(1944) (see Part I# 2.2.).
Staoej & Turton made no attempt to oonflrm these observations 
with unsubstituted glueosone.
1.4.2. l*£*Methyl and 1*£.-Phenjl o-Gluoosone.
Paal & Hornstein (1906) olaimed to obtain l:l-di-C- 
«phenyl c-gluoitol by the notion of phenylmagnesium bromide 
on tetra-£-aeetyl D-gluoonolaotone; later« analogous deriva­
tives of D-galaotitol (Paal & Hiedenkoff$ I906) and t-arabitol 
(Paal & Kinsoher, 1911) were prepared. Paal & Zahn (1907) 
reported that treatment of methyl D,L-glyoerate with phenyl 
magnesium bromide followed by hydrolysis gave 1%l-di-£-phenyl 
Dft-glyoerol.
In 1930 Ohle initiated a series of extensive studies on 
the reactions of Grignard reagents with a variety of earboxylated 
sugar derivatives. A study of his published work is relevant 
to this thesis sinee he olaimed that substituted osones were 
among his products.
Ohle & Heeht (1930) showed that when 223-4%3-di-O-iso- 
-propylidene-2-oxo> o-^uoonio aoid (XXXIX) reacted with four 
moles of méthylmagnésium iodide two products were obtained in a 
ratio of seven to one, l-C-methyl-2;3-4:5-di-0-isopropylidene 
D-gluoosone, formulated ae (XXIV), and l*l-di-G-methyl-2;)-4%3- 
-di-O-isopropylidene o-fructose (XXV).
co,H C'.o — o C.OHH
(XXIII) (XXIV) (XXV)
The further reaction of the Grignard reagent with (XXIV) prod­
uced (XXV) as did its action on the methyl ester of (XXIII). 
(XXIV) and (XXV), which were obtained as syrups, were separated 
by fractional distillation. Hydrolysis of (XXIV) with
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2N»sulphurlo aoid gave syrupj 1^-metliyl D-glueoaoae (XXVI)# 
whioh was oharaoterised as a orystalline phenylosasone# formed 
only on heating with three moles of phenylhydrasine aoetate. 
This last reaotion is in oontrast to free glueosone whioh forms 
glucose phenylosasone with two moles of phenylhydrasine at room 
temperature. Similar hydrolysis of (XXV) yielded a mixture of 
products postulated to be l;l~di~C*mehhyl~2%3*0-isopropylidene
D-fructose (XXVII) and 1%1-di-G-methyl d*fructose (XXVIII)#a.formulated as/fruotofuranose derivative | both compounds were 
obtained crystalline.
H O C-.O HO
(XXVI)
H
■1 J--- o
I v
■ /Xi o J j
0 N — - T 1 " "
Oil
(XXVII)
OK
 ^CCHj);
(XXVIII)
Seaoetonatiott of 1%1-di-^-methyl o*fructose gave derivatives 
formulated as l%l-di-C-methyl-4%&-0-isopropylidene o-fructo- 
furanose (XXIX) and 1%l-di~G-methyl-4:6-0-isopropylidene-lt2- 
-anhydre o-frue to furanose (XXX); this is surprising# sinee a 
ring shift followed by formation of (XXV) might be expected.
O CH o.CHï
M HO
fH
(XXIX) (XXX)
The evidence for the proposed structures of these products of 
hydrolysis was inadequate. Ethyl# propyl# isopropyl# butyl 
and isobutyl derivatives corresponding to (XXIV) and (XXV) were 
also prepared by the action of the appropriate Grignard reagent 
on the methyl ester of (XXIII).
Ohle & Blell (1931) carried out a more extensive inves­
tigation of compounds of type (XXIV). When six moles of 
phenylmagnesium bromide reacted with (XXIII) two products#
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formulated as l-G-phenyl-213-4%3-dl-O-iaopropylldene D-glueosone 
(XXaI) and 1Îl-di-C~pheayl~2:3-4%5-dl*0~i*oproBylideae d~fruc­
tose (XXXII)# were obtained; these two derivatives were separ­
ated by fractional distillation and both were obtained crystal­
line.
hc^C" O
C.OH
(XXXI) (XXXII)
When (XXXI) was hydrolysed with 2N-sulphuric acid in propanol 
reducing l-£-pheiiyl o-glucosone resulted which was crystalline 
and was formulated as (XXXIIIa) or (XXXIIIb)} a cyclic struc­
ture was considered to be present since the compound mutarotated 
in pyridine solution. That a true mutarotation was observed is 
open to doubt, the free osones (**free"with regard to C, and ), 
at least, being labile in pyridine, as shown by Maurer (1930)« 
and in addition no mutarotation was observed in aqueous solution
c:o
ow
OH
H Cy]^s
(XXXIIIa) (XXXIIIb)
Ohle & Blell presented no evidence as to the ring size in this 
compound or as to the position of ring attachment. It has been 
suggested by Bonner (1931) that the carbonyl group at would
be the one involved in the furanose or pyranose ring system in
phenyl o-glucosone owing to a possible deactivating effect
of the phenyl group attached to the carbonyl group at C,.
Acétonation of l-£-phenyl o-glucosone yielded a reducing 
aonoisopropylidene derivative formulated as (XXXIVa^ or (XXXDTb). 
If the so-called l-£-phenyl o-glucosoae is indeed a true osone
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represented by (XXXIIIb), it might be expected to give a tri* 
isopropylidene hydrate analagous to that (XXXVI) obtained from 
D*gluco8one by Bayne, Collie & Fewster (1952). (XXXIIIa) 
would at least be expected to be reconverted into the reducing 
2:3-4%5-di*0-isopropylidene derivative (XXXI) on acétonation.
o H
O.CM
OH
O.CHi
O.CR
0-CHe^
(XXXIVa) (XXXIVb) (XXXV)
Ohle & Blell reported that l*£-pheayl o-glucoeone gave a tetra­
acetate on treatment with acetic anhydride in pyridsine and 
proposed alternative acetylated structures derived from 
(XXXIIIa) and (XXXIIIb) for the compound; the stability of a 
true osone derivative under the conditions of acétylation used 
is to be doubted. The fact that the tetra-acetate gave no 
hemiaoetal bromide or chloride under the usual conditions, 
however, also suggested to Ohle & Blell the possibility of an 
acyclic modification, but experimental evidence for deciding 
this point was not offered. The formation of a tetra-acetate 
satisfies structures (XXXIIIa) and (XXXIIIb), containing one 
lactoi ring, and also an acyclic modification. It was origin­
ally suggested by Hynd (1927a) that the osones might be proved 
to contain two lactoi rings and, in fact, such a form (XXXVI) 
of l-£-phenyl o-glucosone could account for the formation of a 
reducing aonoisopropylidene derivative, which might be formu­
lated as (XXXVII), as well as the production of a tetra-acetate. 
Furanose modifications of (XXXVI) and (XXXVII) are also poss­
ible.
OHHO OHH OH
(x>:xvi) (XXXVII)
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Ohle & Blell (1931) also prepared a phenylhydrasone 
from l-£-phenyl o-glueosone but were unable to obtain a phenyl- 
osaaone. This Is surprising sinoe ready formation of osasones 
is considered to be characteristic of osones (c.f. difficulty 
of formation of an osaaone from l-£-aethyl o-glucosone). This 
apparent lack of reactivity of these compounds cannot be expl­
ained in terms of steric hindrance since both phenylglyozal and 
phenylpyruvic aldehyde readily yield phenylosasones (Fischer,
18871 Muller & Peohmann, 1389)•
Ohle & Blell (1931) showed that when bensylmagneslua 
bromide reacted with (XXIII), lil-di-C-benayl-2t3-4%5~di-0-lso- 
propylldene o-fructose was obtained, but a product analagous to
l-£-methyl and l-£-phenyl o-glucosone was not isolated.
Ohle & Hlelsoher (1941) presented further evidence to 
substantiate the proposed structure of the l-£-phenyl derivative 
to which they gave the alternative name **l-phenyl-o-fructosone'*. 
Reaction with £-phenylenediamine produced a crystalline eompuund 
to which they assigned the structure (XXXIX),i.e. 2-phenyl-3- 
-[p-arabotetrahydroxybutylj-gulnonaline, the substituted osone 
reacting In the open chain form (XXXVIII). The formation of 
such quinoxallne derivatives has been used for the detection of 
osones (Fischer, 1889; Ohle,1934). (XXXIX)  ^ on treatment with 
hot phenylhydrasine, yielded crystalline 2-phenyl-qulnoxaline- 
-3-aldehyde phenylhydrazone (XL).
Ç;0 «4
HO-Ç-H HÜ-C-H àîüN.NH.Cj,HjH-Ç-OH H-Ç-OH
n-Ç-0!î H-C-OH
CK^.OH CH,.. OH
(XXXVIII) (XXXIX) (XL)
No evidence was presented to support the formulation of
a free carbonyl group in either l-£-methyl or l-£-phenyl o-gluc- 
osone, and this, together with the difficulty of phenylosasone 
formation tx and results of reaoetonatlon, would suggest that
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without further investigation these compounds oannot be coasid* 
ered as true osone derivatives, .
(. r , ^
: • r." V' : ..
ft*'
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1.3$ The Formation of Qsoaea as Intermediates.
Osones have been postulated as intermediates in a great 
variety of reactions in the carbohydrate field but in very few 
cases have these claims been substantiated by isolation and 
characterisation of such intermediates, evidence for their 
formation being of an indirect nature. In this section a 
number of such reactions are reviewed.
1.3#1. Oxidation of Sugars.
The preparation of osones by the direct oxidation of 
sugars by reagents such as that of Fenton, cupric acetate, 
selenious acid, etc. represents the utilisation of series of 
reactions in whioh osones are initial products, the oxidant being 
allowed limited action thereby making the osones the main product. 
The nature and mechanism of formation of the products of further 
oxidation of osones are discussed in Part I, 2.2. It should be 
noted that osones have been shown to be formed during the 
oxidation of sugars with hydrogen peroxide only in the presence 
of ferrous salts. Thus, Spoehr (1910) identified a number of 
the acid products of the oxidation of hexoses with alkaline 
solutions of hydrogen peroxide and regarded various dienols, 
and not osones, as intermediates; Jolies (1911) reported the 
formation of glucuronic acid by oxidation of glucose with 
hydrogen peroxide at 37^ in the absence of catalyst. Payne & 
Foster (1943) showed that at low temperature, in the absence of 
catalyst, the oxidation by peroxide was very slow, while at 
high temperatures the main product was carbon dioxide and 
formaldehyde which on further oxidation gave formic acid and 
molecular hydrogen; no osones were reported as intermediates.
The Ruff degradation of aldonio acids has been discussed
previously (Part I, 1.3.1.)'
In dilute alkaline solution, air, or preferably, oxygen 
has been shown to degrade the sugars to aldonic acids containing 
one carbon atom less than the substrate sugar. Relatively high
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yields of acids have been obtained from aldoses (Nef, 1914} 
Spongier & Pfannenetiel, 1933» 1933# Isbell, 1942). Ketoses, 
although more liable to further degradation, act similarly 
(Palmer & Heyns, 1939} Richtmyer, Hann & Hudson, 1939a, 1939b; 
Isbell, 1942) and 2-oxo acids corresponding to the substrate 
ketoses have been isolated as intermediates. The formation of
the 2-0X0 acids has been regarded as indicating that the oxid­
ation proceeds via the corresponding osone, possibly formed 
from the enediol:
ÇHOH CHO COiH H.CO,HÇ-0. _  Ç.0 J.o
The oxidation of aldoses in dilute alkaline solution 
in the presence platinum or palladium catalysts with the forma­
tion of the corresponding aldonic acids has been reported 
(Busch, 1941; Heyns & Heinemann, 1947), while under similar 
conditions ketoses yield the corresponding 2-oxo acids (Heyns, 
1947). In neutral solution, in the presence of platinum 
catalyst, the process of oxidation of aldoses is considered to 
be one of dehydrogenation, with the production of the corres­
ponding saccharic acids (Glattfield & Gershon, 1933). For 
ketoses the reaction appears to proceed differently; thus,
D - fructose has been shown to give o-arabinose, o-glucosone and
2-0X0-o-gluconic aoid being regarded as intermediates.
1.3.2. Action of Strong Alkalis on Sugars.
Soheibler (I8B0) and Kiliani (1882) showed that in 
strong alkaline solution extensive rearrangement of the sugars 
occurred, leading to the formation of saooharinic acids (XLI). 
Kiliani (I883) reported that the action of lime on maltose, 
lactose or galactose led to the production of isosaccharinic 
acid, formulated as (XLII). Still a third type of acid was 
isolated by Kiliani & Naegell (1902) from the products of the 
action of alkalis on galactose and lactose, termed metasacchar- 
inic acid and formulated as (XLIII).
H. OH
(XU)
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co.H ' ço^a
CH^.oa-ç-oa, ca .o iÇH, {2H%ÇH.OI pa.OBCB..OH ça.OB
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the mechanism of the formation of these various acids 
is still not fully understood. Ref (1907h) postulated a 
progressive migration of the heto group of the sugar along 
the carbon chain, via enediol structures, with the formation 
of 2- and 3~ketohexos@s. He assumed that these ketoses, by 
internal oxidation and reduotion, formed deoxy-dioxo compounds 
which underwent benailic acid rearrangements. According to
Nsf's concept, the deoxy-dioxo compounds were formed through 
intermediate methylenic compounds containing an active bivalent 
carbon atom. Isbell (1944) disagreed with such an explanation 
although accepting the occurrence of benailic acid rearrangement. 
Isbell considered that the formation of the various acids could 
be explained in accordance with the concept of consecutive 
electron displacement by the following reactions! a) ionisation 
of a hydrogen atom of an enediol followed by elimination of a 
hydroxyl group, b) **Setoaisation** with the formation of a 
deoxy«^ioxo compound, all of whioh may be considered as osone 
derivatives; c) a rearrangement of the benailic acid type, 
giving the respective acid. The latter rearrangement was 
presumed to take place through an intermediate ion formed either 
by addition of a hydroxyl ion, or by loss of a proton from the 
hydrated carbonyl group of the osone-like intermediate. The 
following reactions were proposed for the formation of the 
individual acids, commencing with either the lt2«(XZlV) or 
2t3-ensdiols (XLV) formed by the initial action of the alkali on 
the sugar:
(i) Ketasaooharinic acid (XLIII).
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H-C-OH
Ç-OH
H-C-OH a)
H-C.O 
C-OH 
H—C
H-C=06=0
b) H-C-H
CO, a
CH. OR 0) ÇH,
ÇH.OH 
CH. OH 
CH^.OH
CH. OH 
CH. OH 
CH^.OH
" 6h.oh ■
CH. OH 
CHj.OH
* CH.OH 
CH. OH 
CH,.OB
(aLIV) (XLVI) .(XLVII) (XLIII)
The intermediate (XLVI) represents the 2;3-enol of the 
open ohain 3-deoxy-osone (XLVII). A benailic acid rearrangement 
of, for example, o-glucosone to o-gluoonic acid under alkaline 
conditions has not been reported.
(11) Saccharini0 acid (XLI).H 
HpÇ-üH fl/V 9^ 3C-OH Ç-üil 0=0 ÇO.HG-OH a) C*0 b) 9=0 o) CH3-Ç-OH
Ç-OH -- ÇH.PH ------- » CM.OH - -ÇH.ÜHCH.OH CH. OH CH. OH CH. OHCH^.OH CH^.OH CH^.OH CHi.OH
(XLV) (XLVIII) (XLI)
It should be noted that the hypothetical intermediate (XLVIII)
is the acyclic form of a l-£-methyl pentosone analogous to the
l-£-methyl o-gluoosone of Ohle & Heeht (193C).
(ill) Isosaccharinic acid (CLII).
CHj.OH CHz.i/H CH^.OH
p-OH C*0 C=0
Ç-OH a) p-OH b) C*0 CH^.OH-Ç-üH
a-ç-ûH — a-ç ---  ^ H-ç-H o) ça^
Çh.OH Çfi.OH CH.ÜH  ifi.OH
CH^.OH CH^.OH CH^.OH CH^.OH
(XLV) (XLIX) (XLil)
(XLIX) may be considered to be a 1-C-hydroxymethyl pentosone.
Alternative mechanisms, involving the intermoleoular 
recombination of fragments S>f the original sugar^  have been 
largely disregarded on account of the failure to observe formation 
of higher-carbon acids from the action of alkali on lower-carbon 
sugars. Recently, however, Sowden & Kuenne (1953)* using ,^C 
labelled hexoses, have shown that the branched-chain saccharinic 
acids and the straight-chain metasaccharinio acids
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are formed by different geaeral meebaaieme* Their résulta oa 
the former are incompatible with the btnailio aoid rearraagemeat 
as postulated by Ref and Ibell, but are eompatible with a 
reoombinatioa meobaaism involving sugar fragments* On the other 
hand, their results for the straight ohain aoids are in agreement 
with suoh benailic aoid rearrangements*
The degradation of reducing sugars by strong solutions 
of alkaline hydroxides, under more drastic conditions* to a 
large number of aoids of varying chain length was fully invest­
igated by Nef and his coworkers (Nef,1907n$ 1907b, 1910, 1914$ 
Lewis, 1909$ Anderson, 19091 Spoehr, 1910). As a result of 
these investigations, Ref (quoted by Anderson, 1909) concluded 
that one of the initial reactions that occurred in such frag­
mentation of the hexosos was oxidation to the hexosones, which 
then gave, by a bensilio acid rearrangement, the corresponding 
pairs of hexonic acids. Rupture of the carbon chain was con­
sidered to occur via and 3#4-enediols formed either from
the osones or from the ketoses, which could be formed from the 
aldoses by the action of the alkali. Rupture of these ene-diols 
produced tetreses and trioees respectively whioh were then oxid­
ised to the corresponding osones which in turn underwent benailic 
acid rearrangement or were further degraded. Such a series ofp-«^4.\acfoS« ofreactions was proposed to explain the formation from/o-galactonic, 
o-talonio, o-erythronio, L-threonic, o- and a-glyoerio, glycollio, 
oxalic, formic, and carbonic acids by the action of Fehling*s 
solution. The degradation of sugars by the action of alkali has 
been twice reviewed by Evans (1929, 1942).
I#5e3* Formation of Furfural, 3-Rydroxymathylfurfkral and 
Laevulinie Aoid.
Following a suggestion of Raymond (1938) that "tetra-£- 
methy1-1:2-hydroxygluosl (L) was possibly an intermediate in the 
epimerio conversion of tetra-O-methyl glucose into tetra-O-methyl, 
mannose, ffolfrom, Rkllace & Metcalf (1942) found that in aqueous
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aoid solution at room temperature the tetra-£-methyl 2- 
hydroxygluoal was smoothly converted into 3-methonymethyl% 
furfural (LI)
I----Ç.H C-ON* M$0-C-g H-Ç-OM* H—C—0
CHOc— ,
Ca^.OMe CH^.ONe
(L) (LI)
By allowing the reaction to proceed for a short time only 
Volfrom et.al. were able to isolate an intermediate as its 
crystalline phenylosasone to which they assigned the structure 
(LII), from which they concluded that the intermediate in the 
formation of 3-methoxymethylfurfural was the unsaturated 6-0- 
methyl osone (LIII)
ÇH:N.NU.C(H<, ÇHO CBOCiO HO-C
Ç-H C-g C-RC-H C-g 5-gg-6-og g*è*Û —
CHj.OMa eg,.OH. eg,.OK.
(UI) (LIII) (LIV)
This was the first intermediate to be isolated in the formation 
of a furan compound from a carbohydrate. Apart from the 
analytical data and confirmation of the presence of one free 
hydroxyl group in (LIII), however, no further evidence was 
given to support the structures (LII) and (LIII) although the 
reaction has been considered in terms of consecutive electron 
displacements by Isbell (1944) on the basis of the intermediate 
being (LIII) which he represented as (LIV), containing a 2%3- 
furanose ring. In addition, such a reaction is in line with 
and clarifies the observation of Neher & Lewis (1931) that 
enols of methylated pentoses, on treatment with dilute acid 
at room temperature, yield furfural (LV). In the case of 
tri-jO-aethyl L-arabinose they visualised the following series 
of reactions to occur:
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ÇHO H—Ç—OM# M#0—Ç—H MeO-C-H CH^.OH
alk.
CHOH C-OMe , M#0—Ç—H M«0-C-HCH^.OH
C^OHç---NeO-Ç-HMeO—C—HCH^.O j
aoid CHO H-C —  MaO-C-H KeO-C-H
ÇHO Cd-aC-H
c a -
(LV)
However, lebell (1944) repreeeated the reaotion in the following 
mannert
H-C=0 H-à-OMe MeO—C—H KeO—Ç—H H-C-OH H
H—CsO HO-C ^ C-H Me0—C—H H-Ç-OH H
H—Ç-OH C—Wle MeO—Ç—H MeO-C-H H-Ç-OH H
R-Ç.O HO-Ç [
c i  IH—C—0 —' B
(IVI)
H-ÇmOC-OM*d-HM.0-6-MH-Ç-OHH
ÇHO
9“Ç-HÇ-HÔH-
(LV)
This meohanlsBi, whioh is similar to that proposed for the 
conversion of tetra-O-methyl-2-hydroxygliioal to 3-methoxymethyl- 
furfural, includes as an intermediate a 3:4«*nn satura ted osone 
(LVI) analogous to (LIV),
From a study of the change in absorption spectrum 
during the course of the reaction, Wolfrom, Sohuetz & CavaXieri 
(1948) postulated a reaction mechanism for the formation of 3- 
hydroxymethylfurfural from glucose when aqueous solutions of 
the latter were heated in the absence and presence of hydros 
chloric acid. They proposed that an end of 3-deoxy glueosone 
(LVIII) was formed by loss of the elements of water at and 
in glucose, reacting in the open chain form (LVII), and in 
turn gave rise to (LVIX) by cyclic dehydration from which 3-
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h/droxymethylfurfural (LX) was formed by a final dehydration 
to produce a second double bond in conjugation with that 
already present.
CHO ÇBO CHO CHOB-6-0H C-OB Ç--- ' c-----1HO-Ç-H -H,0 Ç-B -H,0 Ç-B H  0H-C-OHH-C-OH H—C—OH * H-C-OH H—C—OH H-C-O— J C—H 1c- JCH,.OH 6a,.OB CH^.OH CH,.OH
(LVII) (LVIII) (LVIX) (LI)■i ♦ -B^OCBO CHO CHOCsO -H,0 CtO ho-6— ,ÇB, --- " CH CHH-Ç-OB CH &BB-C-OB B-6-0B H-C-O-JCB,.OB CH^.OB CB,.OB
(LXI) (LXII) (LXIII)
The alternative route through the intermediates (LXl), (UCII), 
and (LXIII) was based on an analogy with the transformation of 
tetra-£-methy1-2-hydroxyglueal into 3-me thoxymethylfurfural. 
(LXIIX) represents the 2%3-furanose ring form of the open chain 
unsaturated osone (LIII) c.f. (LIV). A similar scheme has been 
put forward to explain the conversion of pentoses into furfural 
(wolfrom, Sohuetz & Cavalieri, 1949)# A route corresponding 
to (LVII)— ►(LVIII)(LVIX)(U() for the formation of furfural 
from pentoses had previously been postulated by Hurd & Isenhour 
(1932) without any experimental evidence.
The disadvantage of the scheme due to Wolfrom et al. 
(1948) is that it applies only to glucose and does not permit 
an interpretation with respect to fructose. Haworth & Jones 
(1944) proposed a mechanism for both aide- and keto-hexoses in 
which a 1%2-enediol was a common intermediate; osones were mot 
considered to be intermediates. Such a scheme receives support 
from the fact that Fischer (I889) reported that glueosone under 
the action of dilute hydrochloric aoid gave furfural and not
3-hydroxymethylfurfural (see Part I, 2.2.).
Further heating of 3-hydroxymethylfurfural (LX) produces
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laerulinio mold (LXV). Aooordiog to Pummerer# Ouyot & 
Blrkofar (1955) the reeotion involves the opening of the 
furen ring with the formation of 2*5-dioxo-6-hydroxyoaproio 
aldehyde (XJCIV)» whioh may be regarded aa aoyolio 3:4- 
dideoxy~5-o%o-glnooaone, followed by elimination of formio aold 
and "oxidation of the aldehyde group by the primary alcohol 
group"! aueh a scheme represents a simplification of that 
originally proposed by Tmunissen (1950).
CHO CHO H.OOjH
^--- 1 falO ÇHO CO;g
C  i CtO CtO 6:0
ca,.0M ca^.oH ca,.oa
(LX) (LXIV) (LXV)
Isbell (1944) interpreted the reaction as follows* unsaturated 
osones again being suggested as intermediates:
Cdoc«oÇ-H C.H 
C-OM
a-G&
QO,H
GHzça.
0:0CH3
(LXV)
ÇHO
9"— 1c-a 1\ if-B :p J > - —►1
H_G_oa H.6H H
ÇHOC<*0 9=0 ÇO.Hà-H H,0 Ç-B H O  H-c-mb.H — ■ ---► C-B - " H-Çè«û Ô-OB G-OHCrt, CH3 CH3
Fischer (I889) reported the formation of laevulinio acid by the 
action of hot dilute hydrochloric acid on gluoosonet similar 
treatment of 2-deoxy pentoses also yields laeWulinic acid 
(Levons & Mori* 1929)$ a reaction whioh has been interpreted 
by Isbell (1944)# Sowden (1949)$ by the use of glucose labelled 
with isotopic ,^C at the reducing group* confirmed that it is in ^
fact G,in the glucose molecule which is finally embodied in the
■ 46 # -few
formic :icid produced by ,the decomposition of. 5-hydpoxyaiethyl- 
furfural* r ■ -1.' /J.- ^  yj-i ■ -
ti2it
-t ■ . ,
m
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Iii6. The BlologiOgi Formatiom of m-oittoosoif *
Walker (1932) and, later, Bond, Knight & Walker (1937) 
described the formation of o-glncoeone by the oxidation of 
varions sugars with plasmolysed preparations of two moulds 
(A. parasiticus Spears, and an unnamed mould belonging to the 
flavus section of the flavus-orysae series of the Aspergilli).
A yield of 8.6% of glucosone (identified and estimated by 
conversion into glucose phenylosasone) was obtained from glucose 
and 17% from maltose* starch and sucrose gave 13% and 13.6% 
yields, respectively.
Berkeley (1933) isolated an ensyme system from the 
crystalline style of a mollusc, Saxidomus giganteus, which, 
he claimed, oxidised glucose to glucosone, characterised as 
glucose js-nitrophenylosanone.
neither of these modes of formation of glucosone has 
been confirmed and, in both cases, evidence for the production 
of an osone is incomplete, based as it is on the preparation 
of non-definitive derivatives. These results are more fully 
discussed in Part I, 3*
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2. THIS Î^OPKHTISS AND R%C?IONS OF ?H0 OSONN.'l.
2.1. Physioal Properties.
2.1.1. Physioal Form.
No osone has been obtained crystalline. The majority 
of workers have described their osone products as being syrups 
although Petuely (1932) has stated that, "None of the known 
osones of the pentoses and hexoses had so far been shown capable 
of being preserved when crystallised", thus suggesting that 
these compounds had been crystallised; however, he presented 
no evidence of such a fact. Petuely concluded that "it was an 
obvious assumption that they (the osones) were not simple bodies 
but mixtures of isomers or of stereoisomers". Such an assump­
tion is far from obvious if one considers the large number of 
compounds in the sugar group which have been obtained crystal­
line only many years after their initial preparation; the 
existence of a sugar in the syrupy state is not inconsistent 
with chemical purity (see Hudson, 1943, 1951)* Korrell &
Crofts (1899) described the formation of a white hygroscopic 
solid by the addition of dry ether co an ethanolic solution of 
glucosone. Bayne, Collie & Fewster (1952) reported that 
glucosone could be obtained as "a very pale yellow, thick syrup" 
by evaporation of a solution of the sugar in 96% et!:ianol.
2.1.2. Molecular Formulae.
From its mode of formation and its reactions Fischer 
(ISS8 ) presumed glucosone to be an a-ketoaldehyde of molecular 
formula 0  ^ but did not confirm this by elementary analysis
of his product. The only analysis for carbon and hydrogen 
carried out on a free osone was that by Morrell & Crofts (1902) 
for glucosone on the product of ether precipitation from 
ethanol; they were unable to decide between a molecular formula 
of and one of 0^. No molecular weight determin­
ations have been made on osones.
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2.1*3. Solubility i^operties.
The unsubstituted osones have been shown to be freely 
soluble in water, less soluble in methanol and sparingly 
soluble in ethanol; the osones are insoluble in ether, 
petroleum ether, chloroform and acetone.
2.1.4. Optical Properties.
Fischer (l888) reported an aqueous solution of u-gluoosone 
to be feebly laevorotatory, an observation confirmed by Morrell 
8f Crofts (1902). Hynd (1927a) recorded an average specific 
rotation of -3.23® for o-gluoosone in water. Micheel, Kraft 
Se Lohmann (1934) gave a specific rotation of -6.33® for t-gulosone 
in aqueous solution. Becker & May (1949) noted that rotational 
changes took place in an aqueous solution of o-glucosone and 
reported a change of specific rotation from -2.55® to -I.40® 
(equilibrium) after 50 minutes. It should be pointed out, 
however, that their sample of glucosone, prepared by the method 
of BrUll (1936) end purified by precipitation from alkaline 
solution with lead hydroxide, contained in all probability, 
inorganic contaminants. In addition these workers examined 
a 0.55% aqueous solution of the osone in a 4 dm. tube and their 
results tnerefore represent the observation of a change in 
angular rotation from -O.056® to -0.031®; thus the significance 
of such observations is doubtful.
Independently, the present author (c.f. Bayne, Collie 
& Fewster, 1952, and Part II, 2.1.) has shown that an 8.5% 
aqueous solution of o-gluoosone exhibits mutarotation and has 
observed a change in specific rotation from -10.6® to +7.9® 
(equilibrium) over a period of 275 hours, the initial and final 
rotations differing considerably from those reported by Becker 
& May.
Becker & Day (1953) reported a specific rotation of 
-1.5® for a 12.62% aqueous solution of [l-^ C^ ]-d-glucosone.
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2.1.5. Spectrophotometrio Analysis.
Bednarosyk & Marohlewski (1953) made a study of the 
ultraviolet absorption spectrum of aqueous solutions of 
D-glucosone, prepared by Fischer's original method, and claimed 
to observe a selective absorption band oooreaponding to a free 
carbonyl group and similar to that exhibited by aqueous sol­
utions of fructose and sorbose (Bednarosyk & Marohlewski, 1957, 
195&). From other evidence it is known that the free keto 
forms of fructose and sorbose are in fact present in aqueous 
solution to a limited extent, but these workers admitted that 
their results on glucosone were only approximate owing to the 
possible lack of purity of their material. This work has not 
been confirmed by other workers in the field.
2.1.6. Chromatographic Analysis.
The first report of the application of this technique 
to the osones is that due to Petuely (1952). He considered 
that osones exist in two types of isomeric form, present in 
dynamic equilibrium in aqueous solution (see Part I, 4.), and 
claimed to confirm this assumption, based on énolisation 
experiments (see Part I, 2.2.4.), by paper chromatographic 
analysis. Osones, pmepared by the bensaldehyde method, were 
chromatographed on paper using the upper layer of a ii-butanol- 
acetic acid-water (4:1:5) mixture as developing solvent and a 
1% solution of 3;4-dinitrobensoio acid in 2N-sodium carbonate 
as spray reagent. It was claimed that glucosone, and other 
osones, did not produce a discrete spot but a streak whioh 
reached from an value corresponding to the disaccharide 
lactose to that of glucose, fructose and even further. A 
maximum was observed at the glucose level and a weaker one at 
that of lactose; the latter was reported to become visible 
before heating and it was considered that this spot represented 
a form of glucosone containing one lactol ring and a free or 
hydrated keto group which enolised spontaneously under the 
influence of 2N-sodium carbonate. The spot at the glucose
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level, which appeared only after heating, was considered to be 
a form of the osone containing two oxidio rings, which was less 
readily enolised. From its Ry value, Petuely suggested that 
the spot at the lactose level might be a dimer of the mono- 
-lactol ring form; if this were true, it is unecessary to 
postulate the existence of two isomers since it has been shown 
that, for example, polymeric forms of pyruvic acid may be 
separated ohromatographically (Dedonder, personal communication). 
Petuely made no attempt to confirm his observations employing 
other developers and spray reagents and presented no evidence 
of the degree of purity of his osone preparations; also, the 
proposal that the relationship between his two isomeric forms 
of the osones is analogous to that between the hexonolactones 
and the free hexonio acids is untenable since the latter 
equilibrium is one between two distinct structural species.
Recently, Becker & Day (1953) have described the prep­
aration of [l-^C]-D-glttCosone by the action of pyruvic acid on 
ll-,^Cj-D-gluooae phenylosasone. They reported that the prod­
uct "was homogeneous, as shown by descending paper chromatogr­
aphy"; no details of the composition of the developing solvent, 
spray reagents etc. were given nor were any R^ values recorded.
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2.2. Chealoal Properties and Reactions.
2.2.1. Oxidation of Oaonea.
2.2.1.1. Action of Copper Reagents.
Fischer Cl388) reported that glucosone reduced 
Fehling's solution without the application of heat and com­
pared tliis reactivity with that of glucose whioh reduces this 
reagent only on warming. Later, Fischer (1389) showed this 
reactivity to be typical of the osones in general, a fact 
confirmed by subsequent workers. Reduction of copper reag­
ents at room temperature has been widely used as a method of 
detection of osones in sulution, although von Vargha (195^) 
seported that 5-^-methyl o-glucose possessed similar reactivity; 
however, this was considered to be due to the existence of this 
latter compound in the aldehyde form in aqueous solution since 
it also gave a colour immediately with dchiff*s reagent.
Dixon & Harrison (1932) and Berkeley (1953) claimed that gluo- 
osone regenerated the colour of Schlff's reagent, but such a 
reaction has not been observed by other workers (Brull, 1937? 
Bayne, Collie & Fewster, 1952). 2-Oxo- and 5-o x q -d-gluconic 
acids have been reported by Militzer (1944) to reduce Benedict's 
reagent at room temperature. Thus, reduction of copper reag­
ents without the application of heat is by no means a specific 
test for osones.
The products of further oxidation of glucosone in the 
presence of cupric acetate were described by 3vans, Nicoll, 
Strause & Waring (I92S); two simultaneous pathways of degrad­
ation were proposed. Oxidation of the osone was considered 
to produce 2-oxo-glucoaio acid which then suffered decarboxyl­
ation, while énolisation of the osone formed the corresponding 
2%5-mnediol. By oxidative rupture of this latter enediol tne 
"active form of erythrose" and the "half active form of glyoxal" 
were formed and further degraded to glyoxylic, oxalic and glyc- 
ollic acids. No direct proof of the formation of enols in acid
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solution was offered by these investigators.
2.2.1.2. Action of Fenton's Reagent.
Morrell & Crofts (1903b), showed that "over-oxidation" 
of glucose or fructose with Fenton's reagent led to the 
production of acids# identified as glycollic, glyoxylic, 
oxalic, and trihydroxybutyric acids; they considered that 
these acids were formed by oxidative rupture of the glucosone 
molecule, which was the first product of oxidation. Morrell 
& Crofts (1903b) also suggested that concentration of osone 
preparations in the presence of trace of iron caused degradation 
with the production of keto acids. The findings of Morrell & 
Crofts were confirmed by Spoehr (19IO).
The nature of the products formed by the oxidation of 
carbohydrates by Fenton's reagent under various conditions and 
the mechanism of the reaction have been fully investigated by 
Kttchlin (1932# 1933). He showed that at low temperatures and 
in dilute solution the following products were formed from 
glucose: glucosone (LXVl), 2-oxo-gluconic acid (LXVIl), and
2;3~di-oxo-gluconic acid (UCVIII); in concentrated solutions, 
formaldehyde and 2-oxo-arabonic acid (LXX) were also formed via 
the di-oxo compound (UCIX). It was assumed that the primary 
product of oxidation was glucosone and thus the other compounds 
represent the products of oxidation of glucosone with Fenton's 
reagent. At higd&cr temperatures, carbon dioxide, formic acid, 
oxalic acid, glycollic acid, tartronic acid, glyceric acid and 
other acids were shown to be formed. The carbon dioxide was 
considered to arise by decarboxylation of the 2:3-4i-o%c acid 
(LXVIIl) with the simultaneous production of 2-oxo-arabonic acid 
(LXX), and from this same acid oxalic (LXXl) and trihydroxybutyric 
(LXXII) acids were produced by cleavage of the - C3 bond; 
further oxidation of the 2-oxo-arabonic acid (IXX) gave the 
corresponding 2;3-di-oxo acid (IXXIII) which on cleavage yielded 
oxalic (LXXI) and glyceric (LXXIV) acids.
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2.2.1.3. Aetlon of Halogens.
Morrell & Crofts (1902) reported the degradation of 
D-glttOosone by oxldatlSn with bromine water at 40® to give a 
23-30% yield of trihydroxybntyrie acid, characterised as its 
calcium or barium salt. Since the starting material, which 
was obtained in small yield, was prepared by the action of 
Fenton's reagent on glucose or fructose, and identified as 
D-glucosone solely on the grounds of osasone formation, its
purity is questionable. In contrast, Neuberg & Xitasato (1927) 
obtained l8g. of calcium 2-oxo-o-gluconate from 20g.of o-giusesone
(prepared from D-glucose phenylosasone) by the action of bromine
water at 20®. By a similar method Xitasato (1929) prepared
2-0x0-D-galaotonic and 2-oxo-maltobionic acids from the cor rest
ponding osones, characterising the products as the brucine salts
because of the amorphous nature of the calcium salts.
Ho halogen oxidation of osones in buffered weakly acid 
solution has been reported but Cook (1941) patented the prepart 
ation of 2-0x0-aldonic acids by the electrolytic oxidation of 
osones in a buffered solution consisting of calcium carbonate 
and some calcium bromide. This electrolytic method, first 
employed by Isbell & Frush (1931) for the oxidation of aldoses.
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la an Indirect oxidation, a# the email amount of bromide present 
is oontinuously converted to bromine, the actual oxidant. 
Essentially, the reaction is the same as the action of bromine 
in weakly acidic buffered solution, when the prevention of the 
accumulation of hydrobromio acid in turn prevents inhibition 
of the oxidation.
The action of the hypohalites is generally far more 
drastic in alkaline solution than in acid or natural media.
The effect may be attributed in part to the action of the alkali 
on the sugars, the oxidation not being confined to the reducing 
group alone. Under carefully controlled conditions, however, 
alkaline hypoiodite has been employed as an analytical reagent 
as well as for the preparation of aldonic acids (Bomijn, 1897; 
Sillstdtter & Schttdel, 1918; Ooebel, 1927; Kline Ir Acres, 1950; 
Myrback, 1938). "Over-oxidation" of aldoses leads to the pro* 
duction of 2-oxo-aldonic acids, which subsequently split off 
caurbon dioxide and form a lower aldonic acid (Hbnig & Tempos, 
1924); other workers (Beichstein & Neracher, 19351 Busicka, 
1941) have claimed that the main products ars 5-cxo aldonic 
acids. Under the conditions employed for the estimation of 
aldoses by hypoiodite oxidation hetones are not oxidised to any 
great extent (Bomijn, 1897).
The preparation of 2-oxo-o-glueonic acid from o-glucosone 
was reported by Myrback (1939). The osone was oxidised in 
alkaline solution with hypoiodite; as the omidation velocity 
was the same as that for s-^ucose under the same conditions it 
was assumed that the 2-oxo group had no particular effect on the 
aldehyde group. That the osone was less stable in sodium 
hydroxide solution than wcs glucose was recognised, but in an 
alkaline solution of sodium hydroxide and sodium bicarbonate this 
effect apparently was minimised. It may be deduced from these 
results that glucosone, under these conditions, is oxidised in 
the form of 2-oxo-g-n-glucopyraaose. It may be suggested that
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if, in slk&lia# Aolution, the 2-oxo group of o-gluooaone were 
hydrated an oxidation velocity diccimil&r to that of g-a-gluooce 
but eimilar to that of g-D-maonose (Myrback, 194u) might be 
expected.
2.2.1.4. Action of Reagents Cleaving Glycols.
Fleury & Fievet-Ouinard (1947) showed that glucosone 
was oxidised regularly by periodic acid to formaldehyde, formic 
acid, and glyoxylic acid which was further degraded to formic 
acid and caroon dioxide (see iart X, 4.).
Becker & Hay (1949) observed a fairly rapid utilisation 
of two moles of lead tetra-aoetate per mole of glucosone in 
glacial acetic acid, followed by a slow progressive oxidation 
over several days, no significant amount of formaldehyde being 
formed (see Part X, 4.).
2.2.2. Reduction of Osones.
Fischer (1889) reduced glucosone, porepared from glucose 
phenylosasone, with sine duet in aqueous acetic acid and obtained 
fructose; such a transformation represented the first chemical 
conversion of an aldose into a ketose. Reduction to fructose, 
identified by the Seliwanoff test, was used by Berkeley (1933) for 
the detection of glucosone in biological material. Percival & 
Percival (1939)# mho claimed to prepare 9-^-methyl o-glucoaone 
and 3:4*9-tri-j)-methyl o-glucosone by decomposition of partially 
and fully methylated o-glucose phenylosasone respectively,
Ob tain d the corresponding fructose methyl ethers by reduction 
of the substituted osones after the manner of Fischer (1839); 
dartley & Linnell (194C) reported the preparation of 6-^-methyl 
D-fructose by similar reduction of 6-^-methyl o-glucosone.
2.2.3. Action of Acids on Osones.
Fischer (IS89) obtained furfural characterised as furfural 
phenylhydrasone, by the notion of hot dilute mineral acid on 
solutions of o-gluoosone; laevulinio acid, identified as its
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silver salt, was also formed.
A positive reaction with Molimoh's reagent, which is 
considered to depend upon the formation of furfural or a 
derivative thereof, is given by glucosone. That glucosone 
does not yield furfural as readily as do ketoses is shown by 
the observation that glucosone does not give a positive reaction 
with Seliwanoff*8 test (Hynd, 1927a).
The formation of furfural from pentoses and of 9-hydroxy- 
methylfurfural from hexoses by the action of dilute mineral acid 
has been proposed by various workers to proceed via osone 
derivatives (see Part I, 1.9*)• as has the formation of laevulinio 
acid by further heating of acid solutions of 9-hydroxymethyl- 
furfural.
Serban & Battler (199o) reported that glucosone gave mo 
coloration with the anthrone reagent of Dreywood (1946) and 
claimed that such am observation supported their hypothesis that 
a positive result with this reagent was dependent upon the 
formation of furfural; this claim was made without consideration 
of Fischer's^report of the formation of furfural from glucosone 
by the action of acid and Dreywood * s (1946) observation that the 
coloration given by furfural with the anthrone reagent differs 
from that given by the sugars*
2*&.4. Action of Alkalis on Osones.
In Part I, 1.9# a number of reactions involving the 
degradation of sugars by alkali in which osones have been preposed 
as intermediates has been reviewed. It is the intention in this 
section to consider only the mechanism of tha formation of kojic 
acid derivatives from osones, (see Part I, 1.4.1-), together with 
some recent work by Petuely (1992) on the énolisation of osones.
The conversion of tetra-^-aedyl glucosone hydrate into 
di-O-acetyl kojic acid was first reported by Maurer (1930)5 
later, he and his co-workers showed tetra^O-acetyl galactosone
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hydrate, aa well aa various bensoyl derivatives of ^uoosome# 
to undergo this transformation. It should be noted that sinee 
kojie acid contains no asymmetric carbon atoms it should be 
possible to obtain the compound from any hexosone,
Maurer & Petsch (1951) suggested that the transformation 
of the osone derivatives into the ^-pyrone structure, which 
involves a rearrangement of the potential carboxyl group from 
C, to C3, took place via a common end form with the production 
of an unstable "oxidation product of glutose" ("glutose" was 
considered to be 3-oxo-glucose), which stabilised itself as 
kojic acid,
Isbell (1944) has pointed out that the experimental 
conditions required for the transformation are similar to those 
which effect the transformation of penta-^-acety1-ketoinositoi 
to tetra-acetoxybennene (Posternak# 1941), and the conversion 
of a-hydroxy ketones into diacetates of enediols (Barnes & 
Tttlane, 1946), Isbell proposed a mechanism for the conversion 
of tetra-O-acetyl glucosone hydrate (LXXV) into di-G-acetyl 
kojic acid (UCXVI) in accordance with an electronic concept 
which involved the following reactions1
a) formation of a free carbonyl group at
b) énolisation of the carbonyl group,
e) de-enolisation of the enediol with elimination of the
acetyl group at C^,
d) énolisation of the resulting compound through the conjugated 
double bond,
e) and f) migration of the acetyl group 0x1 C^to by means of
an intermediate of the ortho-ester type, with elimination of a
proton and an acetate ion.
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Stao«7 & Torton (1946) iaf##tlg*t#d th« propertl## of 
tetra-£-aoetyI gXuoosona hydrate and demonstrated tliat the 
eompound contained an iaelpieatXy ionie hydrogen atom. With 
regard to the oonveraion into di-G-aoetyl kojie aoid they olaimed 
that their experimental obaervationa agreed in some meamure with 
Imbell*# theoretical oanaideratione, but did not oonaider that 
aoae of him poetnlatem, partiemlarly those eaeieaging the 
formation of ortho-aoetate etruoturem, were neoeeaary; thma, 
they ahowed that even simple alkali treatment oonverted the 
oaone derivative (LXJCV) into free kojic aoid (ZJCXVII) (identified 
apeetrophotometrically). The following meohaniam warn propomod 
for the latter transformation, the notion of the alkali, becidee 
effecting de-aoetylation, caneing enoliaation with the recnltact 
formation of the sodium malt of the eaol t
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A #imilar meohaniam was proposed for the conversion of 
tetrs-^O-soetyl glucosone hydrate into di-£**aoetyl hojio aoid 
by the action of pyridine in the presence of aoetio anhydride» 
the pyridiniua ion replacing the sodium ion; however» such a 
mechanism would not apply to the same transformation brought 
about by pyridine alone or aqueous solutions of pyridine since 
at one stage in the mechanism a re-aoetylation was proposed 
which could hardly take place in such media,
Vogel (19)7) demonstrated that piperidine Catalysed the 
rearrangement of methyl 2-o%o-o-gluconate into o-glucoascorbic 
acid to an extraordinary degree. The action of piperidine 
on tetra-o-acetyl D-glucosone hydrate resulted in an increase 
of the reducing power whieh gradually decreased on prolongation 
of the action of the base; Vogel formulated the produet of this 
reaction as a 2%)-dienol and designated it o-glucoasoorbinal,
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Petuely (1952) deeerlbed en Investigation of the 
énolisation of glucosone by O.lN-sodium hydroxide» the degree 
of énolisation at various time intervals being determined by 
titration with Tillman*e reagent (2%6-dichlorophenolindophenol). 
After 2 hours 32% of the osone was considered to be enolised 
of which 10.8% was represented by reduetones of the type 
R.CO.C.OH 1 C.01.R» the remaining 21.2% being non-reducing 
after acidification. From these results» Petuely proposed 
that in solution glucosone exists as a mixture of two types 
of isomer in dynamic equilibrium - one form containing a free 
keto group and one lactol ring» and being readily enolised| 
in the second» containing two laotol rings» the rate of énolisation 
would be limited by the rate of opening of the second lactol ring. 
He considered that such proposals would explain the apparent 
slow rate of énolisation» and claimed to confirm these results 
by chromatography on paper of osone solutions (see Part I»2.1.6.). 
Petuely presented no evidence as to the purity of his osone 
preparations and did not consider the possibility of the occurrence 
of two simultaneous reactions of a single structural form under 
the influence of alkali. Thus his results could be explained 
on the grounds of partial énolisation» together with a trans­
formation of the osone molecule into kojic acid» a transforma­
tion which has been shown to occur on alkali treatment of tetra- 
£-acetyl glucosone hydrate (Stacey & Turton» 1946).
Glucosone has been shown to react with alkali cyanide» 
forming a product which gives an intense blue colour with 
Benedict's arsenophosphotungstic acid reagent for uric aeid 
(Bayne» Collie & Fewster» 1952).
2.2.5# Nitrogenous Derivatives of Osones.
2.2.5*1# Reaction with Derivatives of Hydranine.
Fischer (l888) reported that o-gluoosone formed o-glucose 
phenylosasone with phenplhydrasine at room temperature. The 
ready formation of phenylosa#ones under these mild conditions
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«as later shown to be typical of other osones (Fisoher» l889| 
Fisoher & Tafel» I889; Morrell & Crofts» I899; Fisoher & 
Armstrong, 1902), and the reaction has been used by many workers 
for the non-speoifio detection, oharasterisation» and estimation 
of osones (see Part 1, 1.2 - 1.6 and Part I, 2.2.6.). The 
ready formation of osazones with substituted phenylhydrazines 
such as methylphenylhydrazine (Fisoher» 1889I Morrell & Crofts» 
1899), diphenylhydrazine (Fischer# I889), j^bromophenylhydrasine 
(Morrell & Crofts, 1903b)» 2%4-dinitrophenylhydraaine (Dixon & 
Harrison» 1932$ Bond» Knight & Walker» 1937) and m-nitrophenyl- 
hydrazine (Berkeley» 1933)» as well as hydrazine hydrate (Morrell 
& Crofts» 1899) has also been widely recognised as being 
characteristic of the osones» although many other derivatives 
form osazones more readily than do the free sugars.
Fischer (1889) prepared a methyli^enylhydrazDne of 
D-glucosone but was unable to decide to which carbon atom of 
the osone molecule the substituted phenylhydrazine residue was 
attachedI he gave no account of the properties of this hydrazone 
other than the melting point and the results of elementary 
analysis. The formation of a similar hydrazone with diphenyl­
hydrazine was also reported. The preparation of this same 
methylphenylhydrasone by the present author was reported by 
Bayne (1953)# together with a discussion of its properties (see 
Part IX» 2.2.). Later» Ohle» Keaseke & Czyzewski (1933) described 
the preparation of the same compound by nitrous acid degradation 
of fructose methylphenylosazone as well as by the oxidative action 
of methylphenylhydrazine on fructose; these workers claimed 
that it was identical with the fructose methyl phenylhydrasone** 
of Percival & Percival (1937).
2.2.3 .2. Reaction with Aromatic Diamines.
Fischer (I889) showed that the anhydrogluco-jo-diamino- 
benzene* prepared by Qriess & Harrow (I887) by the prolonged 
action of £-phenylenediamine on o-glucose (UKVIII) in the presence
65.
of aeid#, wae rapidly obtained from o-glucosoae (iJtXXX)» a# warn 
tha tolaono homologue; Fisoher pointed out that the reaction 
.of the £-diamine with glucose was similar to the formation of 
glucose phenylosasone » initial oxidation providing a dicarbonyl 
compound which reacted in the known manner with the aromatic 
diamines. Later, Ohle (1954) observed that o-fructose and 
£-phemylenediamine also condensed to yield the same product.
The compound thus obtained is now known as 2-(o-arabo- 
tetrahydrcxybutyD-quiaoxaline (LXXX)
CHO CHOa-6-oH çio V\»-îSiC
% . %  %
( L X X m i )  (LXXZX) (LXXX)
The ready formation of compounds of this type has been 
used for the detection and identification of osones (Fisoher, 
18891 Fischer & Tafel, I889# Morrell & Crofts, 1899$ Bond, 
Knight & walker, 1957$ cmie, 1954$ Ohle It Hielscher, 1941).
2,2 5 .5. Reaction with Cyanides,
That the prediction of Hynd (1927a) that **further study 
might prove glucosone to be of considerable importance ..... .. 
as a starting material for the synthesis of Cf^ rtain carbohydrate 
complexes** has been fully justified is realised from considera­
tion of the synthesis of i.-ascorbic aeid and its analogues by 
the cyanhydrin method. The preparation of osones for this type 
of synthesis has been already considered (Fart I, 1.2.5#)# while 
the mechaniem of the reaction has been very adequately reviewed 
in the literature (Smith, 1946).
2.2.6. Methods of Estimation of Osones.
Heady formation of o-glucose phenylosasone has been used 
as the basis for the gravimetric estimation of glucosone sol­
utions (Hynd, 1927»$ Evans, Nicoll, Strause & Waring, 1928$
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Bond, Knight & Walker, 1957; Weidenhagen, 1957), has the 
formation of the less soluble 2:4-dinitrophenylos8zone, empl­
oying the reagent of reagent of Case & Cook (1951)# by Dixon 
& Harrison (1952) and M&ndl (1950). Complete oxidation with 
alkaline potassium permanganate solution was used for the est- 
imition of glucosone by Hynd (1927a), whose results obtained 
by this method agreed closely with those using phenylhydrasine. 
Saloman, Burns & King (1952), assuming that conversion of 
L-xylosone into imino-L-ascorbio aoid by the action of alkali 
cyanide took place quantitatively, estimated solutions of the 
osone by determination of the imino^t-ascorbic aoid by tit­
ration with 2:6-diohlorophenolindophenol solution; a similar 
method, based on determination of D-asoorbio acid formed by 
acid hydrolysis of the corresponding inino derivative, was 
employed by Hamilton & Smith (1952) for the estimation of 
D-xyloeone.
These attempts to determine osones quantitatively have 
been hampered by the lack of osone standards or crystalline 
derivatives from which the osones might be readily prepared in
I. ! 'pure form. In all these estimations it has been assumed that 
that the osones are correctly represented by the molecular 
formula
j
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3. DERIVATIVES OF OSONES.
A variety of hydrazones, phenylosazonos, and condensation 
compounds with aromatic diamines have been prepared from osones 
(see Part I, 2.2.$.) and have been employed for their character­
isation.
Crystalline acetates, benzoates and "gluoosonides" of 
osones were obtained indirectly by Maurer et al. (Part X, 1.4#); 
Ohle e£ al. claimed to prepare, again indirectly, l-£-methyl and
l-£-phenyl u-glucosone (Part I, 1.4.}* None of these compounds 
have been obtained directly from osones.
Irvine & Macdonald (1915) reported the preparation of 
tri-£-methyl o-gluoosone by aoid hydrolysis of 1t2-0-isopropyl- 
idene-3:5:&~tri-£-methyl o-glucose; the compound obtained was 
later (Irvine & Patterson, 1922) shown, in fact, to be 3:5:6- 
-tri-0-methyl orglucose. A number of partially methylated der­
ivatives of D-glucosone have been prepared by decomposition of 
the corresponding methylated phenylosazones (see Part I, 1.2.4*)• 
von Lebedev (1910) obtained D-gluoosone-6-phosphate, isolated as 
an amorphous lead salt, by the action of hydrochloric acid on 
the phenylosazone of fructoee-6-phosphate. However, no alkyl 
ether or phosphate ester has been prepared directly from any 
osone.
The only reports of the direct preparation of crystalline 
derivatives, from which the osones may be readily regenerated, 
are those of Fisoher (1889)# on the formation of a methylphenyl- 
hydrazone of o-gluoosone, and Bayne, Collie & Fewster (1952) on 
the preparation of isopropylidene derivatives of osones; these 
latter compounds are fully discussed in Part II, 3.
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4. THE STRUCTURE OF OSONES.
The structural features of the osones have not been 
definitely established; speculation concerning this problem 
has been considerable but all investigations have been handi­
capped by the lack of methods of preparation of pure osones 
and definitive derivatives.
From its mode of formation, its reactivity towards
hydrazines, aromatic diamines, and oxidising agents, and its
reduction to fructose, Fisoher (1888, IS89) formulated glue-
osone as an a-keto aldehyde, (LXXXI).
ÇHOG ;0
CH. OH 
CH. OH 
CH^.OH
(LXXXI)
Morrell & Crofts (1902), from the results of elementary analysis 
on glucosone prepared by the oxidation of glucose or fructose 
with Fenton's reagent and purified by precipitation from ethan­
olic solution with ether, were unable to decide between C^ H^  ^0  ^
and C^ H^  ^0  ^ for the molecular formula of the osone.
In support of Fischer's proposed structure Angelli & 
Karohetti (I908) reported that glucosone gave a positive hydrox- 
amio acid reaction. Dixon & Harrison (1932) reported that 
glucosone, prepared by oxidation of fructose with selenious acid, 
regenerated the colour of Schiff's reagent and formed an add­
ition compound with sodium bisulphite, and concluded that the 
molecule contained a free aldehyde group; these observations 
have not been confirmed by other workers and the method of prep­
aration employed by Dixon & Harrison was not sufficiently spec­
ific to exclude the possibility that impurities may have accoun­
ted for these results. Bednarosyk & Marohlewski (193^) claimed 
to demonstrate a selective absorption of ultraviolet light by
aqueous solutions of glucosone similar to that exhibited by
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solutions of fructose and sorbose, sugars which are known to 
exist, to a limited extent, in a free keto form in aqueous sol­
ution. They concluded that at least a proportion of the osone 
in solution existed in a form containing a free carbonyl group. 
They admitted, however, that their results were only approximate 
since "it is so far impossible to get glucosone in a pure state**; 
their osone sample was prepared according to the "original method 
of E. Fisoher in the form of a very nearly white substance".
No indication was given by these workers of the pH of the solu­
tions examined and their results have not been confirmed . It 
is interesting to recall that Niederhoff (I929) reported that 
ultraviolet absorption spectra of solutions of 2-oxo-gluconie 
aoid and its salts indicated the absence of carbonyl groups, 
thus favouring the proposal of Ohle & Berend (1927) that the acid' 
contained a lactol ring originating on for alkaline solutions
of the acid the absorption was considered to be typical of an 
ethylenio or enolio linkage. Bayne, Collie & Fewster (1952) 
have reported that they were unable to prepare any semioarbasone 
or oxime from glucosone and that the sugar did not react with 
dimedone (5%5~di-£-methyl dihydroresoroinol) in aqueous solution; 
such results indicate the absence of either a free aldehyde or 
free ketone group in the molecule.
Hynd (1927a) retained Fischer*a open chain formula for 
glucosone and pointed out that the compound "is, at one and the 
same time, the keto-derivative of glucose and the aldo-derivative 
of fructose"; however, he considered it possible that the com­
pound might later be proved to contain one, or perhaps two, oxid- 
ic rings.
Since, in his opinion, the osones showed none of the 
characteristic reactions of aldehydes but did show a complete 
analogy with the reduotones, Brull (1937) proposed that they 
possessed the enediol grouping characteristic of the latter class 
of compounds. Previously, Evans, Hiooll, Strause & Haring 
(1928) had speculated that the insoluble complex formed between
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gluooBone and lead hydroxide in alicaline solution (Fisoher, 
1889) might be the salt of a 2;3-enediol (IXXXIX). Brull con­
sidered that the osones did not have the open ohain structure 
(LXXXI) but would exist rather in the heaiaoetal form (LXXXIII) 
in equilibrium with the tautomeric enol form (LXXXIV), a propo­
sal supported by Pigman & Qoepp (194^)#
CHO
H-t-OHH-C-OHCH^.OH
(LXXXII)
h (o h )
(LXXXIV)
h.c o h
H C.OH
CH,o«
(LXXXIII)
In the examples shown the eaol form (LXXXIV) is that of L-gal- 
actosone and represents, according to Brull, a reduction prod­
uct of L-ascorbic aoid (LXXXV). It should also be noted that 
(LXXXIV) is also the tautomer of the )-oxo derivative (LXXXVI), 
the glucose isomer of which Maurer & Petsch (1931) postulated 
as an intermediate in the conversion of tetra-O-aoetyl glucosone 
hydrate into di-O-aoetyl kojic acid by the action of pyridine.
U(0H)
(LXXXV) (LXXXVI)
However, from Brull*s reasoning it follows that, for example,
L-glucosone and t-allosone should possess a common enol form 
present in solution and yet each of these osones has been shown 
to form, by way of the cyanhydrin synthesis, a separate and 
distinct analogue of ascorbic acid (Haworth, Hirst & Jones, 
1937; Steiger, 1935)# In addition to this theoretical evid­
ence against Brull*s hypothesis, Bayne (personal communication) 
and Petuely (1932) have shown that osones, in either neutral or 
aoid media, do not decolorise 2:6-diohlorophenolindophenol sol­
ution, a result not compatible with the presence of an enediol
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structure of the type present in ascorbic aoid. Petuely 
(1932) has also demonstrated that osones are not polarograph­
ically capable of oxidation; he is of the opinion that the 
énolisation represented by Brull would only occur under the 
influence of alkali and that the enediol (LXXXIV) would be com­
pletely unstable. Finally, it should be pointed out that 
Brull*8 analogy between the osones and the reductones was based 
largely on a study of the properties of glyoerosone (hydroxy- 
methylglyoxal), a compound recognised as existing in an open 
chain form. Brull's hypothesis may be rejected.
Assuming glucosone to react in the open chain form 
(LXXXI) Fleury & Fievet-Guinard (1947) were able to reconcile 
the products of periodate oxidation (see Part I, 2.2.1.4.) with 
such a structure; they considered that a characteristic product 
of such oxidation was glyoxylic acid, formed from C, and C^ , 
whioh was further degraded to formic acid and carbon dioxide.
The first positive evidence that glucosone did contain at least 
one oxidio ring was supplied by Becker & May (1949) who studied 
the selective oxidative action of lead tetra-aoetate on the 
compound (see Part I, 2.2.1.4#). They reported a fairly rapid
initial utilisation of two moles of oxidant per mole of gluc­
osone; no significant amount of formaldehyde was formed, from 
which it was presumed that the hydroxyl group on Cg was involved 
in a ring structure. They also reported that an aqueous sol­
ution of glucosone exhibited mutarotation (see lart I, 2.1.4.), 
an observation made independently by the present author (c.f. 
Bayne, Collie & Fewster, 1932 and Part II, 2.1.4.)* Becker & 
May (1949) suggested ring structures (LXXXVII), (LXXXVIII), and 
(LXXXIX) possible for glucosone but were unable to differentiate 
between them on the available evidence - formulae on p. 70.
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CH,.OHo
<H «0>Û«C“ '0) 
HO H
(LXXXVII)
M
—
V HO
H O H
CH^.O
►Oh (ch-.o)
h
H O
e.
(LXXXVIII) (LXXXIX)
h(OH)
Ohle (19)1) has disottsaed the possible structures which 
may be assigned to the hexosones and has pointed out that a 
possible/are available to each osone, each structure satisfying 
a molecular formula *
Petuely (19)2) has reviewed some of the literature con­
cerning the structure of the osones. He assumed that since 
"none of the known osones.......... had so far been shown cap­
able of being preserved when crystallised", they were not simple 
compounds but mixtures of isomers or stereoisomers; also, that 
a possible twenty one structures satisfying the molecular form­
ula together with eight further isomers containing a
hydrated keto group (either at C, or at G^)could exist in an 
aqueous solution of gluoosone* It was claimed that such assum­
ptions were confirmed by énolisation experiments with the osone 
(see Part I, 2.2.4.). Petuely proposed that two species of 
isomer existed in aqueous solution - that containing one lactoi 
ring (pyranose and furanoee, a- and ^-) and one keto group, 
either free or hydrated, and that containing two lactoi rings 
(pyranose and furanoee, a- and @-) in the molecule, e.g. (XC) 
or (XCI), and (XCII)
h (o h )OH
HO
CHi.OH
(XC)
H(o h)OH
(XCI)
H(o h)OH
HO OH
(XCII)
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Petuely further claimed to demonstrate by means of paper chrom­
atographic analysis of osone solutions (see Part 1« 2.1.6.) that 
the two types of isomer stood in dynamic equilibrium one to 
another« since two "spots" were obtained. Lack of evidence of 
the purity of his osone preparations together with the fact 
that no report of the chromatographic separation of the compon­
ents of a dynamic equilibrium such as that which exists between 
the ring form and the free keto form of fructose has been made 
makes acceptance of Petuely*s proposals difficult.
The suggestion by Petuely (1952) that gluoosone could 
exist in a form containing one oxidio ring and a hydrated keto 
group at C had been preeended by the demonstration by the pres­
ent author of the formation, from gluoosone, of a fully substit­
uted derivative of such a structure, namely, l%2-2;)-5:6-tri^0- 
-isopropylidene gluoosone hydrate (XCIIX) - c.f. Bayne, Collie 
& Fewster (1952) and Part II, 3* Also Maurer et al. had prep­
ared acetyl and benzoyl derivatives of such a structure by 
methods of indirect synthesis (see Part I, 1.4.1.). Maurer & 
Petsch (1931) had also suggested that tri-jO-acetyl gluoosone 
hydrate (XIX) and tri-£-aoetyl gluoosone (XIII) might exist in 
equilibrium in solution, although the lack of mutarotation of 
tri-^-aoetyl gluoosone reported by them does not suggest that 
the compound is reversibly hydrated in aqueous ethanol.
H J O.
yHoH)
o k (o h )
h(oh)
(XIII)(XCIII) (XII)
The results of lad tetra-acstate oxidation (Becker & May, 1949) 
are in agreement with a structure containing a 1%5-pyranose ring 
and a hydrated keto group at f a structure containing a free 
keto group would consume only one mole of oxidant per mole in 
absolute glacial acetic acid (Baer, 1940) and not three moles 
as was observed by Becker & May (1949).
J
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The present position with regard to the structure of 
glucosone may be summarised as followst evidence points to a 
molecular formula # the weight of evidence is against
the existence of more than a small percentage of the molecule 
being present in solution in a form containing a free carbonyl 
group, which, together with the observation that the osone ' 
exhibits mutarotation , indicates the presence of at least one 
lacto]jring in the molecule; the osone is capable of existing 
in a form containing a lt4-furanose ring and a hydrated keto 
group at since on acétonation tri-O-isopropylidene gluoosone 
hydrate is formed; various workers have proposed that gluc­
osone, in solution, is present in several forms which are in 
equilibrium.
i
a
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5. THE BIOLOGICAL SIGNIFICANCE OF OSONES,
5.1. The Biolojgioal Aotlvity of Osones. •
Fischer (I889) observed that D-glucosone was not ferm­
ented by brewer's yeast, a fact used by Morrell & Crofts (1899) 
to free their gluoosone preparations of fermentable sugar con­
taminants. Fischer & Armstrong (1902) were able to hydrolyse 
maltosone with an aqueous extract of brewer's yeast to yield 
gluoosone and glucose and also melibiosone with emulsin to give 
glucosone and galactose* Fischer & Zemplèn (1909) hydrolysed 
cellobiosone wihh emulsin. *
Mitchell & Bayne (1952) were able to show that o-gluoo- 
sone, as prepared by the present author, did exert an effect on 
yeast cells actively fermenting o-glueose. D-Glucoee (0.025M) 
and o-glucosone (0.03-0.20M) were incubated with a suspension of 
baker's yeast, in the presence of cyanide as inhibitor of respi­
ration, in the Warburg apparatus. No inhibition of glucose 
fermentation occurred at the lowest concentration of glucosone, 
while complete inhibition was observed at the highest concentra­
tion. Preliminary indications suggested that the inhibition was 
competitive. t-Gluoosone, prepared and purified by the present 
author by a procedure identical with that used for o-gluoosone, 
and tested under the same conditions as the o-iaomer, showed no 
inhibitory effect at any concentration up to 0.20M. In a later 
communication it has been reported that o-gluoosone is phosphor- 
ylated by yeast hexokinase (Johnstone & Mitohell, 1953).
Levene & Meyer (1915)# using material prepared by the 
original method of Fischer (I889), were the first workers to 
test p-gluoo8one physiologically. Btruoturally they regarded 
the osone as a substituted glyoxal which might be converted to 
D-gluconic acid by the action of tissue enzymes, e.g. glyoxalase. 
However, they could detect no chemical change when gluoosone was 
incubated with kidney tissue and concluded that the kidney 
enzymes acted only on the intact hexose.
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Examining the aotion of glyoxalase on compounds of the 
general type R.CO.CHO Bfendi & Ryshova (1939) incubated aqueous 
extracts of rabbit liver in phosphate buffer (pH 6) with varying 
amounts of o-gluoosone. By removal of unchanged osone as 
glucose 2:4-dinitrophenylosa*one these workers showed that in 
concentrations of 0«3-l*0mg. of osone/ml. of buffered extract 
there was a slow decrease in concentration of osone, with a prod­
uction of gluconic and mannonio acids. They also showed that 
the reaction,which was much slower than a control carried out on 
methylglyoxal, was accelerated by addition of glutathione as a 
specific COenzyme.
Antoniani (1955) found that o-glucosone was unchanged by 
the aotion of the enzymes present in germinating seeds, either 
in the presence or in the absence of glutathione.
Thannhauser & Jenke (1926) demonstrated that o-gluoosone, 
psepared by oxidation of fructose with Fenton's reagent, was 
utilised by diabetics* They regarded glucosone as an intermed­
iate, which was more readily oxidised than glucose, and concluded 
that diabetes mellitus resulted from the inability to form this 
intermediary product. In the following year Hynd (1927a) showed 
that D-glucosone was possessed of a remarkably specific physio­
logical activity. To ensure that his material was free of other 
sugar moieties Hynd prepared o-glucosone by Fischer's (I889) 
mekhod, the syrup being freed from nitrogenous and inorganic 
impurities at a late stage in the preparative procedure. For 
the purposes of control experiments, samples of o-gluoosone, 
lactosone, and maltosone were prepared by the benzaldehyde method 
of Fischer & Armstrong (1902). Using either of these methods 
Hynd claimed a high degree of purity for the osone products. He 
found that subcutaneous injection of o-glucosone into a mouse 
suffering from insulin hypoglyoaemia, far from alleviating the 
condition, as do glucose and fructose, increased its severity. 
Injection into normal mice produced definite symptons and the 
animals presented a condition very similar to that produced by an
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injection of insulin. The minimum lethal dose was approxi­
mately 3.6mg./g. body weight, the animals dying in coma. 
Lactosone and maltosone had no physiological action even if 
prepared by a method similar to that employed for the prepar­
ation of D-gluoosone. On the other hand the physiological 
effects of the products of acid hydrolysis of either lactosone 
or maltosone were qualitatively identical withjthose produced 
by D-glucosone prepared directly. Hynd concluded that the 
"osone effect" was specific for o-gluoosone and was not due to 
traces of impurity formed during the preparation. He showed 
that injection of glucose after the full development of the 
symptoms due to a dose of gluoosone had no modifying action; 
previous or simultaneous injection of glucose diminished the 
glucosone symptoms. Similarly, the development of these 
symptoms was modified or inhibited by either adrenalin or pit- 
uitrin. A possible significance of gluoosone in fat metabo­
lism was suggested by the observation that injection of aoeto- 
acetio acid antagonised the effect of gluoosone injection.
Hynd (1927b) reported that, in the case of mice and 
rats, a subcutaneous injection of glucose, or of glucose plus 
insulin, afforded no protection against the toxic aotion foll­
owing (a) the subsequent injection of either alkali or methyl 
cyanides, or (b) the inhalation of gaseous hydrogen cyanide. 
Under the same experimental conditions, glucosone appeared to 
exert a definite antagonistic action towards cyanides, but was 
Imssjefficient than cystine. The previous, or simultaneous, 
administration of glucosone or of glucose plus insulin, app­
eared to be protective against the intravenous injection of 
alkali cyanide into rabbits, but the results obtained were 
somewhat variable.
The results of the experiments on mice (Hynd, 1927a) 
were confirmed by Herring & Hynd (1928) for white rats, rabbits, 
guinea pigs, and cats and the behavioural differences between 
the train of symptoms produced by insulin and that by gluoosone
...vJ
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in the various species elaborated. It was shown that the mode 
of administration did not alter the nature of the gluoosone 
symptoms but only their rapidity of develoment and intensity of 
effect. Herring & Hynd also confirmed the toxic effect of 
mehhylglyoxal, first reported by SJollema & Seekles (1926), and 
observed that the symptoms it produced on injection were less 
like those caused by insulin than were those caused by gluo­
osone. They pointed out that this apparently contradicted the 
now obsolete hypothesis of Fischier (1927) that the toxic 
aotion of insulin, apart from the hypoglyoaemia, was due to the 
production of an excess of methylglyoxal.
From the results of these two aeries of investigations, 
Hynd suggested that "glucosone is an important intermediate in 
carbohydrate metabolism, and that its formation results from 
the action of insulin on the blood glucose".
The specificity of the "o-gluoosone effect" has been 
confirmed by Bayne (1952a) by experiments with a series of 
osones prepared and characterised by improved methods. No 
toxic effects were produced in mice by the following osones at 
various levels up to lO.Omg./g. body weights o- and L-xylosone, 
D- and L-arabinosone, L-glucosone. o-galactosone, L-gulosone, 
p-altro-(D-gluoo)-heptosone (sedoheptulosone), and 3-^-methyl 
D-glucosone. Bayne concluded from these results that the tox­
icity of D-glucosone was not dependent on the high chemical 
reactivity associated with the potential keto-aldehydic osone 
structure.
Kermack, Lambie & Slater (1929) claimed that the dimeric 
form of hydroxymethylglyoxal (hydroxypyruvic aldehyde) was 
highly toxic to mice and rabbits, causing "symptoms similar to 
those described by Herring & Hynd (1928) as being produced by 
gluoosone". Hynd (1950, 1931) pointed out that such a result 
could be predicted, "as hydroxymethylglyoxal (glycerosone) 
bears the same relationship to the trioses that gluoosone does
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to gluoose", and that Kermaok al. gave no explanation a© to 
why the monomeric form of hydroxymethylglyoxal was less toxic. 
Hynd showed that the highly toxic effect on mice and rats of 
the polymer, prepared according to the method of Evans & Waring 
(1926), was due to the presence of an unstable contaminant 
possibly formed by the action of the hydrogen sulphide employed 
for the removal of excess copper oxidant during the preparation, 
and that a highly toxic product was also formed when glyoxal, 
but not acetic acid, glucose, fructose, or gluoosone,was treated 
with hydrogen eulpiiide. Hynd (193^$ 1931) was able to demon­
strate that both monomeric and polymeric forms of hydroxymethyl­
glyoxal, when prepared by a method not involving the use of 
hydrogen sulphide, exerted practically the same effect when 
injected suboutaneously into mice or rats. The train of symp­
toms produced in either case was quite distinct from that caused 
by glucosone, but closely resembled that produced by pure 
glyoxal injeither the monomeric or polymeric state.
The comparative metabolism of ll-,^Cj&-glucose and
ll-,^Cjo-gluoosone, administered orally, in rats was investigated 
by Becker & Day (1953) through determinations of the amount of 
,^ C from these corsrounds recovered in the exhaled carbon dioxide, 
liver and muscle glycogen, and serum glucosamine. Preliminary 
results showed that fresh glucosone solutions are absorbed from 
the alimentary tract of rats at about the same rate as glucose 
solutions of similar volume and concentration. It was found 
that both glucose and gluoosone can be converted to glucosamine 
and that glucosone may be changed to glucose, both conversions 
apparently occurring without skeletal rearrangement. I^ ith 
glucosone more ,^ C was found in the glucosamine than in the 
animals given labelled glucose* oeoker & Day (1953), however, 
pointed out that,"until it is rigorously proved that glucosone 
goes to glucosamine only via the route followed by glucose, it 
cannot be concluded that the rate of conversion of gluoosone to 
glucosamine is greater than that of glucose. The dilution of
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i^ C via different pathways might not be the same. A double 
labeling of the gluoosone would be required to prove more 
rigorously that there was no cleavage in the conversion. The 
data presented here do not demonstrate that gluoosone is a 
normal intermediate but they are in accord with the suggestion 
that its formation may be a step in glucosamine synthesis".
5 .2. The Biological Formation of Osones.
Dixon St uarrison (19?2) were unable to detect i>-gluoo«one 
(by the formation of o-glucose 2:4-dinitrouhenyloaa%one) in the 
blood of rabbits in hypoglycaemic convulsions following a large 
over-dose of insulin, or after incubating fructose with liver 
tissue in the presence of insulin. In a harsh criticism of 
Hynd 's deductions thfise workers ignored much of his subsidiary 
evidence, overlooked the specificity of o-gluoosone, and took no 
account of the findings of Thannhauser & Jenke (1926). Dixon 
& Harrison (1932) concluded that u-glucosone was not an inter­
mediary metabolite in the animal organism.
Support for Hynd*8 proposal t:iat o-gluoosone was a met­
abolic intermediate was given by the findings of Berkeley (1 9’3 ), 
who obtained an active oxidase preparation from the crystalline 
style of a mollusc, Saxidomus gignteus. He showed that the 
oxidase ystern depended for its activity on at least two compo­
nents, a peroxidase contained in the style itself and an auto- 
oxidisQble substance in the diatoms constituting the food of the 
animal. Antici ating that the substrate of this sy.^ te i was a 
carbohydrate, Berkeley obtained from o-gluoosc, under aerobic 
conditions, not anjaoid product but D-glucosone; the osone was 
identified on the basis of a positive reaction with ‘fohiff's 
reagent, formation of o-glucose ja-nitrophonylosazone, and a 
reduction to fructose, identified by 3eliwanoff*s test.
Berkeley also demonstrated the presence of a dehydrogenase sys­
tem in the style, which similarly depended for its activity on 
the joint action of a component in the style and another in the
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food material. The dehydrogenase system functioned anaerobic­
ally , converting o-glucose to o-glucosone only in the presence 
of a hydrogen acceptor such as methylene blue. Berkeley 
suggested that the oxidase system acted as the requisite 
acceptor in vivo, thus promoting the action of the dehydrogenase 
system. However, he obtained no direct evxdenoe that D-glucosone 
was the metabolic product in the intact mollusc, and there has 
been no confirmation of Berkeley's work.
In view of a preliminary report by Walker (1932) of the 
formation of o-gluoosone by enzymic action and the previously 
described publication of Berkeley (1933)$ Bond, Knight & Walker 
(1937) further Investigated the production of the osone by 
mycological agency. Formation of D-glucosone was observed in 
the case of two moulds (A. parasiticus Speare, and an unnamed 
mould belonging to the flavus section of the flavus-oryzae 
series of the Aspergilli) when allowed to act upon soluble 
starch, maltose, sucrose, and D-glucose after plasmolysis by 
toluene, bromobenzene or chloroform. Negative or doubtful 
results were obtained with lactose, mannose, o-fruotoee,
D-xylose, D-mannitol, and glycerol. The D-glucosone formed 
was characterised as D-glucose phenylosazone, D-gluoose 2:4-di- 
nitrophenylosazone, and 2-( D-arabo-totrahydroxybutyl)-quinox- 
aline. Since it was found that appearance of the osone was 
observed only when the mould mycelium was subjected to the 
aotion of plasmolytic agents Bond et.al. were unable to decide 
whether the oxidation was due to one specific enzyme or to the 
activity of the residue of an enzyme complex, a component of 
wiiich was destroyed by the plasmolytic agent. The production 
of D-glucosone by the action of plasmolysed mould mycelia on 
D-glucose was observed only in the cases of two species which 
were known to give rise to good yields of kojic acid when 
grown on D-gluoose. Bond et al., however, were unable to 
demonstrate that gluoosone was a normal intermediary in the
8o,
conversion of glucose into kojic acid* The chemical conversion 
of glucose into the X-pyrone, via tetra-ü-acetyl u-gluoosone 
hydrate, had been achieved previously by Maurer C19?C) (see 
Part I, 1.4.1.)#
A theory that the biosynthesis of kojic acid proceeds 
directly from glucose without rupture of the carbon chain has 
in general found little support, the main objection to such a 
theory being the fact that kojic acid can be formed from com­
pounds having fewer carbon atoms than glucose# It has been 
proposed by a number of workers (see review by Barham & Bmits, 
1934) that kojic acid is formed from widely different compounds 
by primary splitting to a common, small, reactive molecule 
containing two or three carbon atoms followed by condensation 
directly to the X-pyrone, or a C 4 precursor of it# Recently, 
however, Arnstein & Bentley (1933)# investigating the conversion 
of Il-i^ C] and l3:4-,^C2 ]-D-gluooce by two species of Aspergilli, 
have shown that the major pathway of kojic acid formation is a 
direct transformation of glucose without rupture of the chain; 
they suggested that a minor route is the condensation of triose- 
phosphates# In a diaoussxon of the mechanism of the conversion, 
Arnstein & Bentley suggested that one stage might be the formation 
of 3-0X0-o-gluoose (XCIV), formed either directly by oxidation 
of glucose or by way of 3-0x0-o-glueonolactone (XCV); loss of 
the elements of two molecules of water by 3 - o x o - d - glucose, or 
lo3s of a molecule of water followed by reduction and the loss 
of a further molSJule of water by the 3-oxo-lactone would give 
kojic acid (LXXVID#
CHi.OH
HO OH0
CH,.OH
HO
CH..ÛH
(XCIV) (XCV) (LXXVII)
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3-Oxo-D-gluoose was proj.oeed by Maurer & Petaoh (1931) to be 
an intermediate in the ohemioal conversion of various aoetates 
of t>-glucoeone hydrate into kojic acid, but Arnstein 6 Bentley 
(1953) gave no consideration to the possibility that glujosone 
might be an intermediary in the mycological formation of the 
X-pyrone from glucose.
For comparison it is worth 6U<nmarislng the results of 
come other workers concerning the primary products of biolog­
ical oxidation of o-gluoose. Conversion into o-gluconic acid 
was effected by the agency of an aerobic oxidase extracted 
from the mycelium of Aspergillus niger and of Pénicillium 
glaucum (Muller, 1931) and also by the action of a liver 
dehydrogenase (Harrison, 1931)• Under the action of Acetobaoter 
suboxidans D-glucose yields 3-oxo-D-gluconio acid, by way of 
D-gluoonio acid, (Kluyver & de Leeuw, 1924; Stubbs, Lockwood,
Roe, Tabenkin & Ward, 1940). 2-üxo-D-gluconic acid together 
with 6-aldehydo-p-gluconio acid (i-guluronio acid) have been 
obtained by the use of Bacterium gluoonioum (Bernhauer &
Xrrgang, 1 9 3 5 )• Bernhauer & Gorlioh (1935) also detected the 
formation of 2-oxo-D—gluconic acid with the latter organism, as 
well as with some species of Acetobaoter. Pseudomonas species 
similarly yield 2 -o x o -D-gluconic acid (Lockwood, Tabenkin &
Ward, 1941). D-gluoooone has not been demonstrated to be an 
intermediate in the formation of 2-oxo-o-gluconic acid from 
glucose by bacterial means.
5.3* Summary and Conclusions.
It has been clearly established that o-gluoosone, unlike 
all other osones so far tested, is possessed of striking biolog­
ical activity; thus, M  exerts a toxic effect on the mammalian 
organism and inhibits the fermentation of o-gluooae by yeast. 
Evidence has been obtained to indicate that o-gluoosone may be 
a normal intermediary metabolite in mammals while formation of 
the osone by mycological agencies has been reported. However,
8la.
the exact mode of action of o-glucoaone together with ite 
biosynthesis have not been determined. Many investigations 
have suffered from the lack of methods of preparation, char­
acterisation, and estimation of pure gluoosone, while final 
explanation of the biological behaviour is also dependent upon 
elucidation of the structural features of the osone.
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1. THE PREPARATION AND FORMATION OF OSONES.
1.1. Introduction.
1.1.1. Preparation of Some Partially Methylated Hexoaee.
3-0-Methyl-l: 2-5:6-di-O-isopropylidene u-gluoose, pre­
pared by méthylation of di-0-i»opropylidene D-gluoose according 
to the method of Glen, Myers & Grant (1951), was hydrolysed by 
boiling an aqueous suspension of the derivative in the presence 
of cation-exchange resin to give crystalline 3-0-nethyl 
D-glucose.
3:5%6-Tri-2-methyl D-gluoose was obtained by a modific­
ation of the method outlined above employing It2-Q-iaopropylidene 
D-gluoose as starting material.
Hydrolysis of tri-£-methyl inulin, prepared by the 
method of Haworth & Straight (1932), according to the directions 
of Haworth, Hirst & Percival (1932) gave syrupy 3%4:6-tri-_0- 
-methyl D-fruotose.
1.1.2. 1 reparation of Osasones.
For the preparation of osones by decomposition of the 
corresponding osasones the initial isolation of a pure osazone 
is desirable. The phenylosazones of D-glucose, 3-^-methyl 
D-gluoose, D-galaotose, and D-xylose were prepared in good yield 
and high state of purity by employing the catalytic effect of 
2-toluidine observed by Weygand (1940); the N-p-tolyl-isogly- 
cosamine (or JW-£-tolyl-l-amino-l-desoxy ketose, to use the 
nomenclature of Barry & Honeyman, 1952), formed by fusion ofhWethe sugar with^aromatic amine followed by Amadori rearrangement 
in the presence of acetic acid, was not isolated in most oases 
but was allowed to react with a slight excess of phenylhydraaine 
in 2N-acetic acid. By this method phenylosazones, requiring 
little further purification, were obtained in 70-75% yield; 
reaction of pure N-p-tolyl-p-isoglucosamine (N^-j^-tolyl-l-amino- 
-l-desoxy D-fruotose) with phenylhydrasine gave D-glucose
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phenylosazone in almost quantitative yield, as reported by 
Weygand (1940), but the losses involved in isolation of the 
intermediate made the yield of phenylosazone, calculated on 
D-gluoose used, no more than 75%. t-Glucose phenylosazone 
was prepared by the aotion of phenylhydrazine in acetic acid 
on the mixture of t-glucose and t-mannose obtained by acid 
decomposition of t-arabinose with nitromethane (Sowden & 
Fischer, 1947). The phenylosazones were purified by recrys­
tallisation from absolute ethanol, the degree of purity being 
assessed by observation of the final rotation after repeated 
recrystallisation. After one recrystallieation from absolute 
ethanol 3-2-methyl o-gluoose phenylosazone showed a double 
melting point (l67 and 175*) while further recrystallieation 
gave a product melting at 176 ;^ such observations may explain 
the value of I65* :jiven by Irvine & Scott (1913) and those 
values of from 174 to 179* recorded by a number of other 
workers (Freudenberg & Hixon, 1925# Anderson, Charlton & 
Haworth, 19291 von Vargha, 1934» Heddle & Percival, 1939» 
Weygand, 1940) for this phenylosazone. Recrystallieation of 
D-xylose phenylosazone from absolute ethanol gave a product 
melting at at a temperature higher than any recorded for this 
phenylosazone by previous workers; a similar elevation of the 
melting point of t-arabinoee phenylosazone after such recryst­
allisation was reported by Haskins, Hann & Hudson (1946).
3:5*6-Tri-0-methyl u-glucose apparently does not react 
with p—toluidine under the conditions described above and in 
consequence the phenylosazone of this sugar was prepared by 
direct reaction with phenylhydrazine. The product obtained 
after recrystallieation from aqueous ethanol melted at 62°, 
which is considerably lower than the value reported by 
Anderson, Gharlton & Haworth (1929)» however, elementary 
analysis for carbon, hydrogen, nitrogen, and methoxyl groups 
showed the derivative to be a tri-0-methyl hexose phenylosa- 
zone. In addition it was observed that the compound exhibited
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extensive mutarotation in pyridine-ethanol (2:3)S no reports 
on the rotational behaviour of this phenylosazone appear in 
the literature.
For the preparation of phenylosazones from the ketoses 
L-sorbose and 3%4:6-tri-2~^^thyl o-fruotose, to whioh the 
2"toluidine method is not applicable, the direct method was 
employed. Analytically pure 3s4t6-tri-2-methyl la-glucose 
phenylosazone was obtained, melting at 120*; Haworth & Learner
(1928) claimed to obtain this phenylosazone as a hydrate, m.p. 
87°$ which lost its molecule of water of crystallisation on 
heating vacuo to give the anhydrous form melting at 136°. 
Similar results were obtained by Hartley & Linnell (1939)# who 
also prepared the phenylosazone from 3:4:6-tri-2~*o*thyl 
o-fructose as well as from 3:4:6-tri-0-methyl o-gluooae; it 
should be noted that the melting point of this phenylosazone, 
prepared from liquid 3:4%6-tri-2-methyl o-gluoose, has been 
recorded by Cramer & Cox (1922) as 163-164°. This tri-^-methyl 
phenylosazone, for whioh no optical properties have hitherto 
been described, was also shown by the present author to exhibit 
striking mutarotation in pyridine-ethanol (2:3)*
It was observed that the phenylosazones in which the 
hydroxyl group at C^ is substituted by a methyl group, unlike 
those in which this hydroxyl group is free, do not decompose 
at the melting point, and are stable to sunlight even in the 
presence of atmospheric moisture. Similar stability of 
anhydro-phenylosazones in which the hydroxyl group at C* is 
involved in the anhydro ring structure has been observed by 
Bayne (personal communication).
Percival & Percival (1935) (see rercival,1948) proposed 
that mutarotation of the hexose phenylosazones is dependent 
upon the presence of a 2*6-pyranose ring system. The obser­
vation of mutarotation of solutions of 3:4:6- and 3:5:6-tri-2- 
methyl o-glucose phenylosazone by the present author is not 
consistent with such a hypothesis; in the former methylated
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phenylosazone a 1%5-gluoopyranose or a 2%5-fruotofuranose ring 
isjpossible, while in the 5:58 6-tri-2-methyl derivative only a 
1:4-gluoofuranoee structure is feasible.
Neuberg & Strauss (1946) reported that the 2%4-dinitro- 
phenylosazones of the hexoses could be obtained in almost quan­
titative yield in a high state of purity by carrying out the 
reaction with a solution of the free base in 2N-hydroohlorio 
acid at 100° for 12-24 hours. It was considered by the present 
author that such osazones might provide useful starting material 
for the preparation of those osones of whioh the parent hexoses 
give poor yields of the corresponding phenylosazone, for example, 
the trimethyl ethers of glucose and fructose. o-Glucose 
2:4-dinitrophenylosazone was obtained in 98;^ yield after a 
reaction time of 12 hours under the conditions described by 
Neuberg & Strauss (1946).
The bishydrazone of o-gluoose was prepared by the action 
of hydrazine hydrate on M-p-tolyl-o-isoglucosamine, but was not 
isolated.
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1.2. By Décomposition of the Corresponding Osazone.
1.2.1. Aotion of Hydrochloric Acid.
D-GlucoBone was obtaihed in 30% yield by decomposition 
of D-glucose phenylosazone with concentrated hydrochloric acid; 
the method of preparation and purification followed exactly 
the directions of Fischer (1889). The aotion of the mineral 
acid on|D-gluoose 2:4-dinitrophenylosazone gave a 3% yield of 
D-gluoosone; the greater part of the 2:4-dinitrophenylosazone 
was recovered unchanged. It is considered that failure of 
decomposition was due to the very low solubility of this osa­
zone, even in concentrated acid.
The disadvantages of this preparative procedure have 
been discussed previously (see Part I, 1.2.1.). Thus, without 
rigorous purification of the product, involving further decrease 
in the yield, this method is considered to be of no value for 
the preparation of osones for structural investigation.
1.2.2. Action of Carbonyl Compounds.
The benzaldehyde method, originally introduced by 
Fischer & Armstrong (1902) for the decomposition of the phenyl­
osazones of the disaccharides, has been exploited by a number 
of workers for the preparation of monosaccharide osones (see 
Psirt I, 1.2.2.); in the case of the hexosones such a mode of 
pseparation has been characterised by low yields. However, 
by the introduction of various modifications, the present author 
has prepared a number of free and partially methylated hexosones, 
as well as pentosones, possessing a high degree of purity, in 
good yield.
The sparingly soluble phenylosazones of the unsubstituted 
hexoses ( d - and i-glueose, D-galaotose, l-sorbose), suspended in 
ethanol, were decomposed with a solution of benzaldehyde in hot 
aqueous ethanol containing 1% (v/v) acetic acid. After solu­
tion was complete a large proportion of the ethanol was removed 
by distillation with the concurrent addition of water, thus
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precipitating the benzylidene phenylhydrazone which was filtered 
off. From the filtrate, after purification (see Part II, 1.5.), 
the osones were obtained in 50% yield. For the preparation of 
osones from the ethanol-soluble phenylosazones of the partially 
methylated hexoses (3-2-"^@bhyl D-glucose, 3%4:6-tri-2-aethyl 
D - fructose, 3:5:G-tri-2-methyl o-gluoose) and the pentoses 
(o-xylose) much lower concentrations of-ethanol were employed* 
Ethanolic solutions of these phenylosazones were added dropwise 
to a suspension of benzaldehyde in hot 1% aqueous acetic acid.
By the method of isolation outlined above the corresponding 
osones were obtained in 30-40% yield.
From the action of benzaldehyde on o-gluoose 2:4-dinitro- 
phenylosazone the osazone was recovered unchanged, even after 
6 hours heating.
o-Gluoosone was prepared in poor yield by the decomposi­
tion of D-glucose bishydrazone with benzaldehyde; severe looses 
were incurred during the purification of the crude product.
Brull (1936) described the decomposition of D-glucose 
phenylosazone with an excess of pyruvic acid in hot aqueous sol­
ution; pyruvic acid phenylhydrazone separated on cooling ^nd 
was filtered off v^hile excess pyruvic acid was removed by extrac­
tion with ether. Evaporation of the aqueous solution, after 
decolorisation with charcoal, gave D-glucosone in 40% yield.
The present author has obtained D-glucosone, 3-’i)’*a:cthyl u-gluo- 
osone, D-galactosone, and L-gulosone in 60-65% yields by a mod­
ification of the above method. The corresponding phenylosazones, 
suspended in water, were decomposed with a little less than the 
calculated amount of pyruvic acid by heating at 100° for 1-2 
hours, and isolated as described above; Brull (1936) recommended 
a reaction time of half an hour. By use of an excess of phenyl­
osazone contamination of the osone products \ith unchanged 
pyruvic acid, whioh is very soluble in water as well as in ether, 
was reduced to a minimum.
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By the action of glyoxal on D-gluoose phenylosazone, 
following the procedure described for decomposition with 
pyruvic acid, crude D-gluooeone was obtained in 70% yield by 
the present author. However, it was demonstrated that the 
product was invariably contaminated with unchanged glyoxal, in 
spite of employing a slight excess of phenylosazone and allowing 
a reaction time of 2 hours; glyoxal was not removed by extrac­
tion with ether. In consequence, such a method is of no value 
for the preparation of osones for structural and metabolic 
investigations without additional chromatographic purification 
or preparation of crystalline derivatives from whioh the osones 
may be regenerated (see Part II, 1.$.).
I
1
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1.3# By Direct Oxidation of the Corresponding Aldose or Ketose.
1.3.1. Aotion of Cuprio Acetate.
o-bVuctose was oxidised with a saturated aqueous solution 
of oupric acetate at 50° for 30 hours according to the directions 
of Evans, Nicoll, Btrause & Waring (1928). After filtration 
from the precipitated cuprous oxide removal of inorganic contam­
inants was effected by treatment with hydrogen sulphide followed 
by passage of the solution through columns of ion-exchange 
resins. The resulting solution gave qualitative tests for both 
osone and unchanged fructose; in consequence, the stiff syrup 
obtained by evaporation under reduced pressure was treated with 
dry acetone containing concentrated sulphuric acid (4%« by 
volume); the syrupy products were isolated in the usual manner 
and extracted with hot water. From the syrupy residue tri-^- 
-isopropylidene o-gluoosone hydrate was obtained by crystallisa­
tion from methanol (see Iart II, 3.2.2.); from the aqueous 
extract 2%3-4:5~di-0-isopropylidene d-fructose separated on 
cooling. From l8g. of o-fructose 0.-35g. of the isopropylidene 
o-gluoosone derivative and 8.5g. of di-O-isopropylidene o-fruc­
tose were obtained. Calculated on the basis of a 15% conversion 
of o-gluoosone to tri-Q-iaopropylidene o-glucosone hydrate these 
figures represent the formation of the osone in approximately 10% 
yield by the oxidation of d-fructose. Evans ^  al. (1928) 
reported a 24% yield of osone, estimated as o-gluoose phenyl­
osazone. This confirmation of the low yield of osone by this 
method makes it obvious that the procedure has little preparative 
value.
o-Gluoose, L-Gorbose, and o-xylose were oxidised with 
cupric acetate according to the method of Weidenhagen (1937). 
Since the products of oxidation were shown to contain unchanged 
starting material as well as osones they were condensed with 
acetone and from the products di-Q-isopropylidene derivatives of 
of the un-oxidised sugars were removed by hot aqueous extraction. 
From the water-insoluble residues crystalline isopropylidene
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derivatives of the corresponding osones, when o-gluoose and 
L-sorbose were oxidised, were obtained by crystallisation from 
methanol in yields representing a 40% conversion of the sugars 
to the corresponding osones. The method of preparation may 
be carried out on a large scale and has provided a valuable 
source of the crystalline isopropylidene derivatives from which 
the pure osones may be obtained by hydrolysis.
1.3.2. Aotion of Selenious Acid.
From o-fructose, by the method described by Dixon & 
Harrison (1932), o-gluoosone was obtained in 8% yield; Dixon & 
Harrison (1932) did not quote a yield. These workers claimed 
that o-gluGosone prepared in this manner regenerated the colour 
of Soniff* 8 reagent and formed an addition compound with sodium 
bisulphite; the present author has been unable to confirm these 
observations with gluoosone prepared either by this method or by 
any other.
?
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1.4. ladireot Syntheses of D-Qluoo#o^#.
1.4*1. Oxidation of 2;3%4:6-Tetra-0^Aoetyl-2~0xy-D-Qluoal.
2:5:426~T*tra-0-ao$tyl-2-oxy-D-gluoal was prepared from 
2:5:426-tetra-0-ao@tyl-D-gluooayl bromide, in turn prepared 
direotly from D-glucose by the method of Martos & Korosy (1950), 
by treatment with diethylamine according to the directions of 
Naurer (I929)* Oxidation of the u-glucal derivative with 
perbenzoic acid (Stacey & Turton, 1946) gave crystalline 
2:3:4*6-tetra-0-acetyl D-glucosone hydrate (VII) in comparatively 
poor yield, a large proportion of tae starting material being 
recovered. The same o-glucosone derivative was also prepared 
by treatment of the non-crystalline products of the chlorination 
of tetra-O-aoetyl-2-oxy-D-glucal, in ethereal solution, with 
silver carbonate and a little water, as described by Maurer
(1929)* Stacey 6 Turton (1946) reported the product of per­
benzoic acid oxidation of the o-glucal derivative to differ from 
that of Maurer (1929) in that it did not exhibit mutarotation 
and also with regard to melting point. however, by either 
method of preparation, the samples of 2:524:6-tetra-0^-acetyl 
D-gluoosone hydrate obtained by the present author showed p.iys- 
ical properties identical with those recorded by Maurer (1929) 
for this derivative. That the derivative contains an incipi- 
ently ionic hydrogen atom, as was claimed by Stacey & Turton 
(1946), was confirmed by titration with dilute alkali.
1 ^ c(oh)H A
'(VII) (XXI)
):4:6-Tri-0-acetyl D-gluoosone hydrate (XII) was prep­
ared from the syrupy chlorination products of 2:3:4z6-tetra-0- 
-aoetyl-2-oxy-D-glucal by treatment with sodium bicarbonate 
and a small amount of water according to the method of Maurer
Æ
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& Petsoh (19)1); the product showed physical properties iden­
tical with those given by these latter workers.
The present author has demonstrated unequivocally that 
2:):4î6-tatra-0-aoetyl o-^luoosone hydrate and 5?4:6-tri-^- 
-acetyl o-gluoosone hydrate are indeed derivatives of o-gluco- 
sones such proof was not given by either Maurer and his 
coworkers or Stacey & Turton (1946) (see Part I, 1.4.1.).
After short treatment with dilute alkali both derivatives red­
uced Tehling's solution at room temperature, readily formed 
D-gluoose phenylosazone with phenylhydrazine in acetic acid 
solution, and gave a blue colour with Benedict's areenophospho- 
tungstic acid reagent in the presence of alkali-cyanide; 
catalytic deaoetylation with metallic sodium in anhydrous 
methanol gave o-gluoosone, identified chromatographically on 
paper employing the upper layer of a ^ -butanol-acetic acid- 
-water (4:1:$) mixture as developer and triphenyltétrazolium 
chloride as identification reagent; treatment of either deri­
vative with anhydrous acetone containing concentrated sulphuric 
acid gave a crystalline product identified as tri-Q-isopropyl- 
idene o-glucosone hydrate, a derivative also obtailed by 
similar treatment of o-gluoosone (see Part II, ).2.2.)#
The preparation of u-gluoosone by deaoetylation of the 
crystalline acetates described above, although giving a product 
possessing a high degree of purity, involves the initial prep­
aration of four intermediates (tetra-O-acetyl-u-glucosyl 
bromide, tetra-O-acetyl-2-oxy-D-glucal, the chlorination prod­
uct of the latter, and the desired u-gluoosone acetate), of 
which only the first may be obtained in good yield; in conse­
quence, alternative methods of preparation, such as decompo­
sition of the corresponding phenylosazone with benzaldeiiyde, 
are to be preferred.
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1.4.2. Oxidation of 2:)-4:5-Di~0-i8O^ropylidene u-fruotose.
Oxidation of the free primary alcohol group of 2:3-4î5- 
-dl-O-lGopropylldnne o-fruotoee (XCVI) to an aldehyde group 
should provide anjlnterestlng dl-O-lsopropylldene derivative of 
D-gluoo8one In the non-hydrated form possessing a free aldehyde 
group and a 2%6-fruotopyranose ring structure. however, 
attempts by the present author to carry out such an oxidation 
and Isolate the product have met with no success.
Ô
(XCVI)
Thé use of selenlous acid for the contemplated oxidation 
Is precluded by the strong acidic conditions of such a method 
which would bring about hydrolysis of the Isopropylldene groups 
of both the substrate and the product. It has been shown that 
no oxidation of dl-O-lsopropylldmne u-fructose occurred on 
treatment with cuprlc acetate in methanol; this observation 
indicates the necessity of the presence of a free hydroxyl group 
(or, perhaps, a free carbonyl group) adjacent to the hydroxyl 
group to be oxidised by this reagent. Such a structural envir­
onment is also considered to be required for the oxidation of 
hydroxyl groups by Fenton's reagent (see iart I, 1.3*1.)* and in 
consequence the use of this latter oxidant was not attempted.
From the attempted oxidation of the fructose derivative, 
in chloroform solution, with manganese dioxide at room tempera­
ture for 6 days the starting material was recovered almost 
quantitatively; the small, non-crystalline residue did not 
regenerate the colour of Schiff*s reagent, reduce Benedict's 
reagent, or form an addition compound with dimedone.
Oppenauer & Oberrauoh (1949) described the use of 
tert-butyl chromate, a strongly acidic reagent, in non-polar
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organic solvents for the selective and almost quantitative 
oxidation of primary alcohol groups to aldehyde groups. 
Attempts by the present author to oxidise di-Q-iaopropylidene 
D-fructose, in petroleum solution and using solid calcium 
carbonate as a buffer, with this reagent have met with little 
success; qualitative evidence of oxidation having occurred 
was obtained but isolation of the product was not achieved.
1.4.3. Oxidation of N-p-Tolyl-p-isoGlucosamine.
Weygand & Schaefer (1931) claimed that oxidation of 
N-j^-tolyl-o-mannamine (ji-j^-tolyl-l-amino-l-deeoxy o-mannitol) 
(XCVIXI), prepared by catalytic hydrogenation of ü-£-tolyl- 
-o-isoglucosamine (XCVIl) in alkaline or neutral solution 
(Weygand, 1940), with bromine in water gave o-mannose and 
D-fructose, identified ohromatographioally, and 2%6-dibromo- 
-j^-tolàidine ( C) •
NH
CHa6:0 Oh'
h o - 6 - h
H-C-OH H-à-OH 
6Hj .OH
(XCVII).
NH 6hi
HO—6—ii 
H-Ç-ÛH 
H-Ç-OH
2 B i ^  9*1 ffO-Ç-H 
liO-Ç-U 
il—C—OH 
fl—6—OH 
àHi.OH
Br,
D-Fruc tose 
and D-Mannose(XGVIII) (XCiX)
They showed 2:6-dibromo-II-j)-tolyl-u-mannamine (XCIX) to be an 
intermediate, and postulated a mechanism for the formation of 
u-mannose. These workers found it difficult to explain the 
formation of fructose; it was suggested that (XCIX) might be 
further oxidised to 2:6-dibromo-N-p-tolyl-p-isoglucosamine, 
which on hydrolysis would yield o-fructose. However, Weygand 
& Schaefer (193D were unable to identify any sugar products 
by treatment of N-p-tolyl-p-ieogluoosamine (XC/II) with bromine 
in water. Following neutralisation and evaporation of the
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aqueous solution obtained by bromine oxidation of N-^-tolyl- 
-D-mannamine these workers isolated the sugar products by 
extraction of the residue with hot pyridine; it is surprising 
that o-glucose, formed by épimérisation of the fructose and/or 
the mannose by the action of the base, was not identified on 
the chromatogram.
It was considered by the present author that oxidation 
of N-p-tolyl-p-isogluoosamine in the manner described above 
would yield o-gluoosone; the inability of Weygand & Schaefer 
(1931) to identify such a product of this oxidation may be 
explained on the grounds that the glucosone was converted into 
kojic acid, or a derivative thereof, by the extraction procedure 
with pyridine.
N-p-Tolyl-p-isoglucosamine was oxidised with bromine in 
water for 1 hour at room temperature. The almost colourless 
solution obtained after décantation from the brown tar of 
dibromo-j^-toluidine, removal of excess bromine with a stream of 
nitrogen, and neutralisation with sodium hydroxide gave the 
following reactions: it reduced Fehling's solution at room
temperature, gave a negative result with Seliwanoff's reagent 
(thus showing the absence of fructose), did not regenerate the 
colour of Schiff's reagent, and gave a blue colour with 
Benedict's arsenophosphotungstic acid reagent in the presence 
of alkali-cyanide; a small portion of the solution gave 
D-gluoose phenylosazone on treatment with phenylhydrazine in 
acetic acid at room temperature; the presence of o-glucosone 
inljthe solution was confirmed by paper chromatographic analysis, 
employing the upper layer of a ii-butanol-aoetic aoid-water 
(4:1:3) mixture as developing solvent and triphenyltetrazolium 
chloride ms identification reagent. The neutral aqueous 
solution obtained as above was evaporated and the residue extr­
acted with absolute ethanol; the syrup obtained by evaporation 
of the ethanolic extract was treated with anhydrous acetone 
containing concentrated sulphuric acid with the production, in
ipRÎ^SfSS^SÎiS^^^g^
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low yield, of crystalline tri-O-isopropylidene o-glucosone 
hydrate, identical with the product of similar treatment of 
o-glucosone (see Part II, 3.2.2.). It was thus demonstrated 
beyond doubt that o-glucosone is formed by this reaction. 
Attempts to adapt the method to the preparation of the cryst­
alline isopropylldene derivative of o-glucosone on a large 
scale and in good yield were not successful, severe losses of 
the initial osone product being incurred during purification.
The following mechanism is proposed for the formation 
of o-glucosone (Cl) by bromine oxidation of N-p-tolyl-o-iso- 
glucosamine (XCVII), all compounds being represented in the 
open chain form:
1+
HO—C— fl
23r, Hr,
a-ç-OH 
H— OH
(XCVII)
H-C-OH
Br—ri—H
CH^.OH
ii—C—OH 
II-C-OH 
CH^.OHjBr
ca
N-H-HBr
3r
CH
♦
yflO 
ÇtO , iiO—Ç—H 
H-Ç-OH H-Ç-OH 
Cfl^ .OH
(Cl)
A similar mechanism was postulated by Weygand & Schaefer (1931) 
for the formation of o-mannose by bromine oxidation of j£-^ -tolyl< 
-o-mannamine.
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1.3. The Purlfioatlon of Osons Solutions#
The preparation of pure osones-suitable for structural 
and metabolic investigations is a difficult task owing to 
their high reactivity and lack of orystallinity.
Initial purification of the solutions of osones obtained 
by decomposition of the corresponding phenylosazone with benz- 
aldehyde or pyruvic acid was achieved by rigorous extraction 
with ether followed by treatment with charcoal thus removing 
unchanged carbonyl compound as well as last traces of unchanged 
starting material and by-product# The use of other organic 
solvents such as chloroform and ethylene dichloride for the 
extraction was shown to be of no advantage. Evaporation of the
V.resulting solution under reduced pressure at kO** gave the osones 
as pale yellow syrups, which were extracted with hot ethanol to 
give solutions free of inorganic material. After further 
treatment with charcoal evaporation of the ethanolic extracts 
gave the unsubstituted hexosones in the form of white, hygro­
scopic brittle "froths".
Removal of inorganic contaminants from solutions of 
osones has also been achieved using ion-exchange resins; 
however, the use of strongly basic exchange resins, such as 
Amberlite I.R. 40O-ÛH, for the removal of weak organic acids 
is precluded since it has been shown that strong retention of 
the osones on such resins occurs. Retention of the reducing 
sugars in general on the strongly basic resins has recently 
been reported by Hoseman, Abeles & Dorfman (1952).
Several methods are described in the literature for the 
precipitation of osones when in admixture with other sugars 
and sugar derivatives. Thus Fischer (1839) precipitated 
osones as lead complexes in alkaline solution; such a method 
of purification is far from satisfactory for a variety of 
reasons. In the first place, the osone is exposed to alkaline 
conditions, that is, conditions under which these sugars are
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very unstable , ae shown by Petuely (1952) and the present 
author (see Part II, 2.2.3*); Morrell & Crofte(1902) showed 
that precipitation of osones in this manner from solutions 
containing other sugars gave products still contaminated with 
these sugars; the present author has shown severe decreases in 
the yield to be inourred by such a method of*'purification'*.
The oriticisms of non-specificity and of serious loss of mater­
ial may also be made of the preoipitaion of osones from ethan- 
olio solution by addition of ether (Morrell & Crofts, 1900).
For the isolation and purification of osones prepared by direct 
oxidation of the corresponding aldoses ar ketoses chromatography 
on a cellulose column has been employed by the present author. 
Such a method of purification has also been applied to osones 
prepared by more specific methods (see Fart II, 2.1.6.).
The last mentioned technique is not, however, applicable 
to large scale preparations. purification of o- and t-glueosone 
and L-guloQone has been achieved by way of the corresponding 
crystalline tri-Q-isopropylidene derivatives, which latter have 
been shown to be readily hydrolysed by dilute mineral acid with 
the production of chromatographically homogeneous solutions 
of the parent osones, (see Part II, 2.1.6.). 3y the treatment 
of the crude products of the oxidation of fructose and sorbose 
with cupric acetate, carried out on a 9üg.-scale, with acetone 
containing concentrated sulpaurio acid substantial yields of 
the tri-O-isopropylidene of the corresponding osones have been 
obtained. It is considered that only by way of such derivat­
ives may osones suitable for structural and metabolic invest­
igations be prepared.
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1.6. ConoluslonB.
It Is considered that as a general method of preparation 
of osones the decomposition of the corresponding p^enylosasones 
with benzaldehyde or pyruvic acid is to be preferred. The 
availability and ease of preparation of the starting materials, 
the mild conditions of the reaction, the comparatively high 
yields, and the high degree of purity of the osone products are 
all reasons for such a preference. The hydrochloric acid method 
of decomposition, although providing osones in fair yield, uncos- 
taminated with other sugars, has the great disadvantage of expos­
ing the products to conditions in which partial dehydration of 
of the highly reactive osones, with the consequent production of 
furan derivatives as well as anhydrides analogous to those 
obtained from glucose and fructose under similar conditions, is 
a probability. At the same time such a method is not applicable 
to the preparation of partially methylated osones; short action 
of even dilute hydrochloric acid on, for example, tetra-O-methyl 
fructofuranose is known to bring about déméthylation.
The preparation of osones by direct oxidation of the 
corresponding aldoses or ketoses results in poor yields of 
products severely contaminated with the products of further oxid­
ation. However, by condensation with acetone followed by 
fractionation of the resulting isopropylidene derivatives such 
derivatives of o-glucosone and L-gulosone have been obtained 4
in fair yield following oxidation of o-fructose and i-sorbose, 
respectively, according to the directions of Weijienhagen (1937)#
From the isopropylidene derivatives the pure osones may be 
obtained readily by hydrolysis with dilute mineral acid. Such 
a ireparative procedure may be carried out on a very large scale.
Indirect methods of preparation have been shown to give 
very poor yields of osones, as well as involving the initial 
preparation of derivatives not always easily obtainable.
A
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2. THE FROPERTIES Aim REACTIONS OF GLUCOSONE.
2.1. ihyeioal Properties.
2.1.1. Phyaioal Form.
Neither o-gluoosone nor any other osone, prepared by 
any of the methods desoribed above, has been obtained cryst­
alline in spite of numerous attempts employing a variety of 
solvents.
By the brisk evaporation of aqueous or alcoholic sol­
utions under reduced pressure at 40^ glucosone, as well as 
other unsubstituted osones, has been obtained as a white, 
hygroscopic, brittle "froth", which may be separated readily 
from the flask, broken up and further dried ^  vacuo at 20^ 
over phosphorus pentoxide. The unsubstituted hexosones have 
also been prepared in the form of white, hygroscopic, amor­
phous powders by the addition of dry ether to their ethanolic 
solutions. An aqueous solution of such a preparation of 
D-gluoosone was shown to be ohromatographioally identical with 
a similar solution of the "froth".
On cooling a solution of u-gluoosone in hot glacial 
acetic acid the osone was precipitated as a cream, hygroscopic, 
amorphous solid; chromatographic analysis of an aqueous sol­
ution of this solid indicated the presence of a high proportion 
of short chain decomposition products.
2.1.2. Molecular Formula.
Elementary analysis for carbon and hydrogen of o-gluc- 
osone prepared as a "froth" and dried to constant weight in 
vacuo at 20^ gave results consistent with a molecular formula 
of 0^  ; in view of the properties and reactions of the
osone such results are interpreted as indicating the existence 
of the sample as a monohydrate, This view is
supported by quantitative estimation of solutions of the "froth"
employing an acid hydrolysate of crystalline tri-Q-isopropylidene
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D-gluooeone hydrate as a standard, (see Part II, 2.2.3*)
2.1.3' Solubility Properties.
o-Gluoosone is very readily soluble in water and 
methanol, less soluble in ethanol; the osone is very sparingly 
soluble in cold glaoial acetio aoid, dioxan, and acetone, and 
insoluble in chloroform, ether, light petroleum, and benzene.
2.1.4. Optical Properties.
Solutions of D-glueosone have been shown to exhibit 
mutarotation. Thus, a aqueous solution of the "froth",
shown, analytically, to be a hydrate of o-glucosone, showed an 
initial specific rotation of -1 0.38  ^which increased to a 
constant value of >4.21*^ after 130 hours (see Fig. 1.). The 
exhibition of mutarotation indicates the presence of at least 
one lactoi ring in the molecule and from the direction of 
change in rotation it is suggested that the greater proportion 
of the "froth" is the 0-anomcr of such a ring structure.
The mutarotations of many sugars follow the first-order 
equation (Hudson, 19C3J Isbell & Pigman, 1937) and this 
conformation makes it probable that the main constituents of 
the equilibrium solutions of these sugars are the a- and 0- 
-pyranose modifications. For such sugars a plot of 
logCrotatlon at time t - final equilibrium rotation) against 
time results in a straight line. A number of important 
sugars, including o-galaotose, o-talose, and t-ribose, exhibit 
mutarotations which do not follow the first-order equation, 
and a "first-order plot" for such sugars results in a curve; 
the deviation of the curve from a straight line is an indica­
tion of the lack of conformity of the mutarotation with the 
first-order equation. A "first-order plot" for o-glucosone 
(Fig. 2.) results in a curve very similar to that obtained by 
Isbell & Pigman (1937) for the mutarotation of a-o-talose, and 
demonstrates the complexity of the mutarotation of the osone.
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Fig, 1. Mutarotation of o-Glucosone at lR° (o, 9-27 in water)
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Fig. 2. First-order Plot of Mutarotation of p-Glucosone at l8°
(c, 9.27 in w a t e r ).
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In general« the mutarotations which cannot be expressed by the 
first-order equation conform to equations derived on the assump­
tion of three or more components in the equilibrium mixture 
(Hiiber & Minsaas, 1926; Smith & Lowry, 1923; Isbell & Pigman, 
19)7)# The mutarotation reactions which follow such equations 
may be considered to consist of two simultaneous or consecutive 
reactions, one of which is slow and represents the conver­
sions between pyranose isomers, and the other of which is rapid 
and possibly represents pyranose-furanose interoonversions 
(Isbell & Pigman, 19)7# 19)8)+ Thus, the complexity of the 
mutarotation of o-glucosone, which shows both a fast and a slow 
reaction (see Fig. 2.), may perhaps be explained in terms of 
these types of interconversion» However, consideration must 
be given to other factors probably contributing to the production 
of a complex mutarotation.
During the course of mutarotation of the osone solution 
no change in reducing power or in the content of osone, estimated 
as D-gluoose 2;4-dinitrophenylosazone (see Part II, 2.2.5») could 
be detected, and no change in pH was observed. However, paper 
ohromatogr;plic analysis (see Part II, 2.1.6.) indicated the 
occurrence of certain structural interconversions. It was shown 
that partial concentration of a homogeneous solution of the osone, 
prepared by ydrolysis of tri-Q-isopropylidene o-r;;lucosonG 
hydrate, led to the formation of a second component considered 
to be a stable polymer of the osone; a chromatogram of a fresh 
solution of the ’’froth**, obtained by complete concentration, 
showed the presence not only of the pure osone and the stable 
polymer but also of a third component of intermediate value. 
Chromatographic tinalysis during the course of mutarotation showed 
the gradual disappearance of this central spot and it is proposed 
tnat this component is an unstable polymer which depolymerises in 
aqueous solution. The initial presence of this unstable polymer 
as well as the pure osone and t.e stable polymer in -he system 
would account for t-ie exhibition of complex mutarotational
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behaviour by a solution of the **froth”. Also, as a result 
of a study of the reotions and ultravfLolet absorption spectrum 
of solutions of the osone (see Part II, 2.1.5») it is proposed 
that o-glucosone hydrate is not stable in solution, a structure 
containing a free carbonyl group at 0% being formed in small 
proportion (see Part IX, 4#); such a cinversion would further 
contribute to the production of a complex mutarotation.
Thus, the complex mutarotation of o-glucosone is not to 
be ascribed to a simple interoonversion of the pyranose-furanose 
type but rather to the ready polymerisation of the highly 
reactive molecule, and the instability in solution of the 
hydrated form of the monomer.
2.1.5* Spectrophotometric Analysis.
In view of the results of the work of Bednarcayk & 
^archlewmki (19)8) on the absorption of ultraviolet light by 
solutions of crude o-gXucosone (see Tart I, 2.1.5#) similar 
investigations have been carried out by the present author on 
the pure osone in aqueous solution at different p:î levels.
Chromatographically homogeneous solutions of o-glucosone, 
prepared by hydrolysis of tri-O-isopropylidene o-glucosone 
hydrate with O.lN-sulphuric acid, were examined with the Unioam 
ultraviolet spectrophotometer, model S.500; the results are 
pre anted graphically - see Fig. ). Curve A represents the 
absorption spectrum of a 0.3/b solution of the osone in 0 04h 
sulphuric acid, i.e. a solution of pH 1.5; an absorption maxi­
mum was observed at a wavelength of and a minimum at 25C%yi*
Neutralisation of this solution with ion-exchange resin gave a 
solution of pH /.O whose absorption spectrum is represented by 
curve B; it may be seen that both absorption maximum and mini­
mum were displaced towards the shorter wavelengths, being at 
277 and 244nyu.respectively. Such a displacement could be 
accounted for by the necessary alteration in slit width used
with the instrument as well as the decrease in concentration of
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?ig. 3 . Ultraviolet Absorption Spectra of Oolu Lions of u-Glucosone
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Aqueous solution of u~çlucosone, pH l o 1
B: Aqueous solution of D-g’lucosone, pH 7.0
C: Aqueous solution of D-glucosone, pH 12.5
103.
the solution due to retention of the 6sone on the ion-exchange 
resln, apart from possible effeots of the increase in pH value. 
The neutral solution was made alkaline (pH 12.$) by the addition 
of sodium hydroxide solution and after standing at room temper­
ature for 10 minutes examined in the spectrophotometer. The 
absorption spectrum of this alkaline solution (curve 0), showing 
an absorption maximum at 3lBmyu. and a minimum at is almost
identical with that described by Stacey & Turton (1946) for 
kojic aoid in alkaline solution and for the product of alkaline 
hydrolysis of their specimen of 2:3:4:6-tetra-0-aoetyl o-gluo- 
ooone hydrate - see Table 1.
Compound. Max. ( ^&.) Min. Reference.
LrGorbose 273 243 B. & M. (1933)
D-Glueosone 297.$ 251 B. & M. (1938)
ü-Glucosone (pH 1.$) 273 2$0 J.Â.F.
o-Glucosone (pH 7.0) 277 244 J.i.F. j
u-Gluoosone (pU 12.$) 313 245 J.A.F.
Kojic Acid (alk. sola.) 315 26$ S. & T. (1946)
Alkaline hydrolysate of tetra-^-aoetyl o-gluoo8on< hydrate ' 315 249
1
S. & T. (1946)
K number of conclusions may be drawn from^hese results. 
Firstly, the absence of an absorption maximum at 23$!^in the 
spectrum of the acid solution of the osone, which was prepared 
by dilution of the acid hydrolysate of tri-O-isopropylidene 
u-glucosone hydrate, confirms the absence of^furfuraldéhyde, 
previously indicated by chromatographic analysis, in such 
hydrolysates.
Secondly, the presence of an absorption band in the 
region 277-2V8myu.for both neutral and cid solutions of the osone 
suggests the presence of a free carbonyl group in the molecule. 
Thus the results obtained by the author for D-glucosone in 
neutral solution approximate much more closely to those reported
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by Bednaroayk & !4arohlew3ki (1938) for pure u-sorboae, a sugar 
known to exist in solution partially in the free keto form, 
than do the results of these latter workers for their orude 
specimen of the osone. Bednarosyk & liarchiewski (1937) and, 
more recently, Sustigneev & Nikiforova (1950) have shown 
neutral solutions of the aldohexo^es to exhibit no selective 
absorption in the ultraviolet region and it may therefore be 
concluded that the absorption band corresponding to a free 
carbonyl group exhibited by u-glucosone is due to the presence 
of such a group on and not 0, of the osone molecule. Such 
a conclusion is further supported by the observations of lacsu 
& Hiller (1943) who reported that solutions of glucose and 
arabinose only in $05 sulphuric acid showed select!vo absorp­
tion corresponding to a free carbonyl group; such absorption 
was considered to be due to the presence of the open chain 
forms of the sugars in such solution since the absorption band 
disappeared on neutralisation. The c vf raoteristic carbonyl 
absorption band was observed in neutral as well as acid solu­
tions of the osone by the present author; it is therefore 
proposed that o-glucosone, which in the solid state exists as 
a hydrate (see Part II, 2.1.1.), is partially present in a 
form containing a free carbonyl group at when in aqueous 
solution, thus explaining the ready polymerisation of the osone. 
It is interesting to recall that Niederhoff (1929) reported 
that a solution of 2-oxo-o-gluoonic acid showed no selective 
absorption of ultraviolet light corresponding to a free car­
bonyl group and concluded that the carbonyl group at in the 
acid was involved in a lactoi ring; however, hydration of this 
group, stabilised by the presence of the adjacent carboxyl 
group, is an alternative interpretation of such results and is 
supported by the fact that the free acid does not exhibit 
mutarotation (see Part II, 4.).
Thirdly, the observation of an absorption spectrum 
closely resembling that of kojic acid for dilute alkaline
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solutions of the osone indicates quite clearly that such treat­
ment with alkali causes widespread changes in the molecular 
structure of the osone. Such an observation also agrees with 
the results of experiments on the treatment of o-glucosone 
with a variety of alkaline reagents to give solutions giving 
qualitative tests for kojic acid (see Part II, 2.2.3.)*
Fourthly, since no absorption bands corresponding to 
the enediol system characteristic of the reductones and ascorbic 
aoid and its analogues were observed for acid and neutral solu­
tions of the osone a number of conclusions drawn by other workers 
in the field of osone chemistry may be questioned. Snediolic 
structures are characterised by an absorption maximum in the 
region 240-26$m^. for aoid solutions which is displaced to 
26$-290myw.. for solutions of pH 6-12} in stronger alkaline solu­
tion an absorption band in the region 29&~320m^.may be observed 
(see Table 2.). Carpeni (1938b) has interpreted such results 
as being due to the presence of the undisscciated mclecule, the 
univalent ion, and the divalent ion, respectively, in solution 
in the three pH ranges described above. In contrast, the 
present author has shown that both acid (pH 1*5) and neutral 
solutions of D-gluoosone exhibit only an absorption maximum at
277-2787^ ., corresponding to a free carbonyl group; such results^ 
experimental confirmatory evidence against the hypothesis of 
Brull (1937) that the osones may be considered as reduction 
products of ascorbic acid and its analogues, a proposal which 
may also be refuted on theoretical grounds (see Part I, 4.). 
Petuely^olaimed to demonstrate a 12$ énolisation of o-glucocone 
by treatment with O.lN-mineral acid; the absorption spectrum 
observed by the present author does not confirm such énolisa­
tion, aoid and neutral solutions of the osone exhibiting 
approximately the same absorption maximum. Petuely (1952) 
also claimed to show 3^5 énolisation of glucosone by O.lN-sodium 
hydroxide solution of which 10.85 was accounted as redutones 
(see Jrart I, 2.2.4. ). The observation by the present author
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Table 2.
Compound Max. (ny.) Reference
t-Asoorbio Acid(aoid or oonc. aoln.) 245.0 Herbert et al.L-Asoorbic Aoid(alk* aoln.) 265.0 (1935T —
t-Ascorbio Acid(aq. soln.) 252.0 Mohler ^ LohrL-Asoorbio Acid(weak alk. soln.)^ 264.0 (1938)
L-Aaoorbio Aoid(pH 0.0-3.0) 242.5 .
(pH 5.5-11.5) 264.5 Carpeni (1938b)
(pH 12.5-14.0) 298.0
D-Araboasoorbic AoidfpH 0,0-3.0) , 242.0
(pH 5.5-11.5) 264.5 Carpeni (1938b)
(pH 12.5-14.0) 299.0
Heduotone(pH 0,0-4*0) 267.5
(pH 6.0-12.0) 291.0 Carpeni (1938b)
(pfi 13.4-14.0) 320,0
Heduotio Aoid(pH 0.0-3*5) 265.0
.(pH 6.0-12.0) 279.0 Carpeni (1938b)
(pH 13.5-14.0) 314.0
Heduotic Aoid(aq. soln.) 267.0 Mohler & LohrReduotio Aold(weak alk. soln.) 279.0 (1938)
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of an absorption maximum at for o-gluoosone in alkaline
solution (pH 12.5) does not contradict such a proposal since 
Carpeni (193^b) has reported a maximum at 320a^. for a solution 
of reduotone of comparable alkalinity. At the same time, 
however, Stacey & Turton (1946) have recorded an absorption 
maximum at for alkaline solutions of kojic acid, a well
established transformation product of acetates of glucosone 
by treatment with alkaline reagents (see Part I, 2.2.4.);
Petuely (1952) gave no consideration to the possibility of the 
formation of kojic aoid by treatment of the free osone with 
alkali. In addition, alkaline solutions of glucosone, on 
adding a few drops of ferric chloride solution, give a cherry 
red colour characteristic of a X-pyrone structure and not the 
deep blue colour given by reductones (see Part II, 2.2.4.).
Thus, from the ultraviolet absorption data it is impossible to 
differentiate between reductone and kojic acid formation tut 
the weight of evidence, obtained by alterntive methods of 
investigation, is in favour of the latter being the main product 
of the action of alkali on glucosone, possibly formed by way of 
a rapid énolisation.
2.1.6. Chromatographic Analysis.
The behaviour of o-glucosone on the paper chromatogram 
has been fully investigated in order to establish the degree of 
homogeneity of different preparations and to provide a means of 
detection and identification of the osone when in admixture 
with other sugars or in biological material.
A large number of developing solvents and identification 
methods have been employed, using both the descending and ascen­
ding techniques on a variety of Whatman papers. The most 
successful methods for rendering the osone, as well as other 
sugars, visible on the developed chromatograms were:
a) a modification of the technique of Trevelyan, irooter &
Harris (1950;, using triphenyltetrazolium chloride; on weurming
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at 60® the sugars appeared as red spots on a white ground in 
the following order: glucosone, fructose, glucose, thus prov­
iding a means of identification of the osone other than by 
measuring Rf value.
b) aniline hydrogen phthalate in glacial acetic acid; on 
heating at 100® the following order of appearance was noted: 
glucosone, glucose, fructose.
c) a modification of the silver nitrate technique due to 
Trevelyan, * rocter & Harris (1950),
An identification technique by which glucocone is made visible, 
as well as 2-oxo-*ldonic acids and glyoxal derivatives, but not 
the ordinary reducing surare, was evolved by an adaptation of 
t: e reaction with Benedicts arsenophosphotungstic aoid reagent 
in t e  presence of alkali-cyanide. The dried, developed 
chromatogram was passed through a solution of the reagent in 
aqueous acetone, dried, and passed through a solution of sodium 
cyanide in 0.0$N-ethanolic sodium hydroxide; the osone appeared 
immediately as a blue spot on a white ground. Only on drying 
and heating was fructose u^ide visible, and even under these 
conditions glucose did not appear. The use of this identifi­
cation reagent together with measurement of Rp value provides 
a diagnostic procedure for osones when in admixture with other 
sugars.
For the determination of accurate Ap values u-glucosone 
was prepared by hydrolysis of tri-O-isopropylidene u-gluoosone 
hydrate vith O.lN-sulphurio aoid; the hydrolysete was neutral­
ised with cation-exchange renin to give an approximately 0.4C 
neutral aqueous solution of the osone. Such a solution invar­
iably gave a single spot on the chromatogram employing a 1 rge 
number of different developing systems, but, in most, "tailing" 
of the osone spot was observed. Rp values for the osone, 
measured from cruromatograms on Whatman No. 1 paper developed at 
l3®, are recorded in Table )., and are compared with those 
observed for some other sugars of biological importance; an
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Table 3.
Developer Values
1
Glucosone ' Qluoos. Fruotose Laotose
Upper phase of ^-butanol- 
-aoetic aoid-water 
(4:1:5) 0.17 (T) 0.18 (C) 0.23 0.06 (0),
Upper phase of n-butanol- 
-acetio acid-water 
1 (4:5:1) streak 0.24 (E) 0.29 (E) 0.09 (E)
Phenol-water (4:1) 0.25 (*) 0.36 (C) «.50 (C) V.30 (C)
jL-Butanol, satd. with 
water 0.05 (E) 0.07 (C)
^-Butanol, satd. with 
water and solid oxalic 
acid 0.07 (C) 0.08 (C)
n-Butanol-ethanol-water
(40:11:19) 0.16 (T) 0.13 (0)
Methanol-ethanol-water(45:45:10) 0.51 (£) 0.43 (T) !
Dioxan-methanol
(35j15) streak 0.21 {£)
Aqueous immonium sulphate 0.94 (C) 0.97 (C) - -
1(G) a round, oompaot spot 
(E) a elliptical spot 
(T) a elliptioal spot with "tailing"]
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indication of the shape of the osone spot obtained with each 
solvent is made.
4-son 8e cartridge (1949) eradicated the "tailing” of 
ascorbic aoid on the paper chromatogram by the ase of developers 
containing volatile organic aoids, such as the upper layer of a 
n-butanol-acetio acid-water (4:1:5) mixture; usin^  ^ this devel­
oper Cartridge (1948) reported deaydroascorbio aoid to give an 
elliptical spot. Xh? present author has shown u-nlucosone to 
exhibit severe "tailing" with this developer - see Plate 1., a 
negative on oontaot paper of a chromatogram on Whatman No.l 
paper of various samples of w-giucosone compared with w-#lucose, 
o-fructose, and lactose. Haosk & Tadra (1952) considered that 
even higher oonoentrations of organic aoid were required in the 
develOj,er to prevent the "tailing* of 2-oxo-aldonic acide, and 
recommended the use of the upper layer of a jn-butanol-aoetio 
acid-water (4:3:1) mixture; they postulated that prevention of 
"tailing" in suoh a system was due to suppresion of the ionisa­
tion of the 2-0x0 acids by the hi^h percentage of acetic aoid 
in the developer. It was considered by the present author 
that since the possibility exists that glucosone, in solutio#, 
is present in a hydrated form containing on incipiontly ionic 
hydrogen atom, the "tailing" of the osone in most developers 
might be due to ionisation. However, uein^ r the system of 
Maoek & Tadre (1952), the "tailing", far from being 11aviated, 
was increased, with the production of a long streak; t us, 
ionisation as an explanation of the "tailing" is precluded.
The inclusion o^ benzene; in ohroaa to graphic developers 
is recognieed as assisting in the production of compact spots; 
such an effect, however, was not observed with regard to 
glucosone when benzene was added to the e>:tent of 103 to a 
n^butanol-aoetic acid-water (4:1:5) mixture, the only result 
being a decrease in value.
ihe only solvent systems in which glucosone was obtained
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Flat. 1.
Chromatogram of solutions ofi
1. Glucose
2. fructose 
3* Lactose
4. Glucosone (unpurified "froth")
5. Glucosone (concentrate of column eluate)
6. Glucosone (hydrolysate of tri-O-isopropylidene
derivative)
Paper: Whatman No. 1.
Developer; Upper phase of ^ -butanol-acetic acid-water 
(4:1:5) mixture.
Identification reagent: Triphenyltetrazolium chloride.
Temperature: l8®.
Time: l6 hours.
B:
If -*
a )
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as a round oompaot spot were ^-butanol saturated with water and 
solid oxalic acid, and ?0% aqueous ammonium sulphate solution.
The former developer was used by Isherwood (1953) for the 
chromatography of ascorbic acid and related compounds; he 
reported that in most other solvents severe "tailing" occurred 
due to oxidation of the ascorbic acid during development, ^nd 
that such oxidation was inhibited by the presence of oxalic 
aoid. Watanabe (1937) had previously observed the stability 
of ascorbic acidin aqueous oxalic aoid solution. It should be 
noted that Mapson & Partridge (1949) considered the "tailing" 
of ascorbic aoid to be due to ionisation as welljas the instability 
of the enediol, and was to be prevented by the use of acid 
developers. If indeed the"tailing" of ascorbic aoid is attrib­
utable to oxidation, prevented by the presence of oxalic cid, 
then the fact that compact spots were obtained for the osone 
using the developer of Isherwood (1953)suggests that the "tailing" 
of this sugar in most other systems is also due to partial 
oxidation during development; the characteristic reactivity of 
the osone makes such an explanation feasible. An alternative 
explanation of the "tailing" of glucosone is the instability of 
the hydrate in solution, as shown by chemical reactions and 
ultraviolet absorption spectrophotometry (Part II, 2.1.5.).
Although compact spots were obtained using the developers 
desoribed immediately above good separation of the osone from 
other sugars was not achieved, even on multiple development.
For the purpose of resolution of mixtures of sugars containing 
the osone the most effective developers examined were those 
containing phenol (see Table 3*)i the osone appeared as an 
ellipse, which on long development exhibited some "tailing'*, 
flate 2. shows the separation of o-glucosone, o-gluoose,
D-fructose and lactose on Whatman No.l paper at l8® using 
phenol-water (4:1) as developer and anilihe hydrogen phthalate 
in glacial acetic aoid as spray reagent. Apart from laotose, 
which has an value in this system close to that of the osone.
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Plate 2.
Chromatogram of solutions of;
1. Glucose
2. Fructose 
). Lactose
4. Gluoosone (unpurified "froth*)
Gluoosone (concentrate of column eluate)
6. Gluoosone (hydrolysate of tri-O-isopropylidene 
derivative)
7# Mixture of 1», 2.$ 3», and 6.
Paper: Whatman No. 1.
Developer: ^henol-water (4*1).
Identification reagent: Aniline hydrogen phthalate in
glacial acetic acid.
Temperature: 18®.
Time: 36 hours.
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resolution of the sugars may be considered to be adequate.
Employing neutral developers such as n-butanol-ethanol- 
-water (40:11:19) and methanol-ethanol-*ater(45:45:10) severe 
"tailing" or the production of a long streak was observed for 
gluoosone, from which it may be concluded that the "tailing** in 
acidic developers is not caused by partial decomposition of the 
osone by the action of the acid. Using an anhydrous developer, 
dioxan-methanol (85*15), a streak was again produced.
The use of basic developers containing pyridine, 
collàdine, ammonia etc., which have been employed with success 
for the chromatography of other sugars, is precluded since it 
was shown that partial decomposition of gluoosone occurs in 
these solvents with the formation of a product giving qualitative 
tests for kojic acid.
The results of these investigations may be summarised 
as follows: o-^ucosone, prepared by hydrolysis of its tri-^-
•isopropylidene derivative, behaves as a single entity on the 
paper chromatogram; gluoosone, in the presence of other sugars, 
may be identified and detected ohromatographioally by measurement 
of Rp value, by observation of the rate of appearance of the 
osone spot compared with those of the other sugars using 
triphenyltetraaolium chloride or aniline hydrogen phthalate as 
identification reagents, and by the use of the specific arseno- 
phosphotungstic acid reaction; the "tailing" of the osone with 
the majority of developers may be ascribed not to decomposition 
by acid or to ionisation but to partial oxidation.
o^Glucosone, behaving as a single entity on the paper
chromatogram, was also obtained by the elution of the osone,
prepared by the benzaldehyde method and applied in concentrated
methanolic solution, from a cellulose column with aoetone-water
(9*1), after the method developed by Hough, Jones & Madman
(1949) for other sugars. The osone was eluted as a broad band 
and identified by reaction with the arsenophosphotungstio acid
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reagent in the presence of alkeli-cyanide. Concentration of 
either this homogeneous eluate or the solution of o-glucosone 
obtained by hydrolysis of the crystalline isopropylidene 
derivative to thin syrups which were then dissolved in water to 
give approximately 1% solutions provided samples of the osone 
which were shown, ohromatographioally, to be heterogeneous. 
Thus, using a variety of developers, two spots were obtained 
with these diluted concentrates; one spot proved to be iden­
tical with single"tailing" spot of the homogeneous samples 
described previously, while the other (designated "polymer" in 
JPable ) was round and compact and of lower value, approx­
imately the same as that the disaooharide lactose - see 
Table k* With the three identification techniques discussed 
previously the spot of lower value was rendered visible more 
slowly than was the true osone spot but more rapidly than was 
fructose.
Table 4.
Developer Hf Values
Glueosone "Polymer" Laotose
Upper layer of n-butanol- 
-aoetic aoid-water 
(4:1:5) 0.17(f) 0.07(C) 0.06(C)
n-Butanol-ethanol-water(40:11:19) 0.16(f) 0.05(C) 0.06(C)
Matlianol-ethanol-water
(45:45:10) 0.51(f) 0.29(C) -
The heterogeneous chromatogram was obtained even when 
the pure osone solutions were concentrated under reduced press­
ure in an atmosphere of nitrogen, thus suggesting that the 
formation of the second somponent of lower Rp value is to be 
associated only with concentration and not oxidation. From 
its reaction with indicator sprays such as bromothymol blue this 
second component was shown not to be acidic in nature, and its
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&F value does not correspond with that of the expected product 
of the oxidation of D-glucosone, namely, 2-o x o - d-gluconic acid; 
compounds liable to be formed by rearrangement of the osone 
molecule, such as kojic asid and o-gluconic acid have been 
shown not to be made visible on the chromatogram using tri­
phenyl tétrazolium chloride; from its Revalue the second compo­
nent is shown not to be identical with such products of gluo­
osone degradation as a pentose, or lower sugar, furfural, or 
laevulinic acid.
By further elution of the cellulose column, or by 
elution of large scale paper chromatograms of the concentrates 
described above, solutions of the second component were obtained; 
concentration of such solutions yielded a syrup which could not 
be crystallised. A solution of the syrup gave a positive 
reaction with Molisch's reagent, reduced Fehling's solution only 
on warming, and g3Ve a blue colour with the arsenophosphotungstio 
acid reagent in the presence of alkali-oyanide only on standing; 
this solution was also shown to be ohromatographioally homogen­
eous. Thus, like the sample of gluoosone prepared by hydrolysis 
of the iso1 ropylidene derivative, thatjproviding the second spot 
is a single structural entity and not a component of a dynamic 
equilibrium. From its mode of formation, that is, by concen­
tration of solutions of the pure osone, its lack of identity 
with the possible products of gluoosone oxidation, rearrangement, 
or degradation, its chemical properties, and its value it is 
speculated that the compound is a dimer of ô-glucosone, possibly 
analogous to the well-known dianhydrides readily obtained from 
fructose; hereafter the compound is referred to as "polymer".
The Hp value of the "polymer" for chromatograms developed 
with the upper layer of a jn-butanol-uoetic acid-water (4:1:5) 
mixture ii-; in close agreement with the figure recorded by 
ietuely(1952) for the spot on similar chromatograms of unpurified 
D-glucosone which was considered by him to be the mono-laotol
ring component of a dynamic equilibrium; the R, value of pure
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o-glucosone observed by the present author is identical with 
that given by Petuely (1952) for what he considered to be a 
di-lactol ring component of the equilibrium* That two spots 
are obtained on chromatograms of solutions of unpurified 
D-gluoosone, prepared by the benzaldehyde method, in the manner 
described by ietuely (1952), has been confirmed by the present 
author; such chromatograms are identical with those obtained 
with solutions of the concentrates of the pure osone - see 
rlate 1., page 116.
Since it has been shown that solutions of previously 
purified o-glucosone are ohromatographioally homogeneous, and 
that the "polymer" produced on concentration of such solutions 
may be isolated and similarly shown to be homogeneous, it is 
obvious that the osone and the "polymer" are not two components 
of a dynamic equilibrium; they are, in fact, two distinct 
structures, the "polymer" being formed from the osone either 
during concentration of pure solutions of the latter or, in 
the case of unpurified samples of the osone, during the initial 
preparative procedure. The hypothesis of Petuely (1952) that 
gluoosone exists in solution as two types of isomer in dynamic 
equilibrium is therefore untenable; his conclusions were drawn 
from a chromatographic study of impure gluoosone. The present 
author's own deductions are supported by the observation that 
unpurified 3*5:&~tri~0-methyl o-glucosone, a compound incapable 
of containing two furanose or pyranose rings and yet, structur­
ally, capable of polymerising, also gives a pair of spots on 
the paper chromatogram. It might be proposed that the two 
spots obtainable from gluoosone do represent two different ring 
forms of the sugar, one containing a single ^uranose or pyran­
ose ring and a hydrated keto group at , and the other that 
same ring together with a l:2-anhydro ring analogous to that 
considered Maurer & Petsch (1935) to be present in tetra-^- 
benzoyl o-gluoosone (see yart I, 1.4.1.); such a structural 
modification could also theoretically exist for the tri-O-methyl
1 2 ) .
osone described above. However, since in the case of &-gluo­
osone it has been shown that both the pure osone and the 
"polymer" are stable to hot mineral acid such an ar ument can­
not hold.
Chromatograms of fresh aqueous solutions of the "froth" 
obtauLned by rigorous concentration of solutions of pure 
u-gluooaone showed the presence of three components. Thus, 
apart from the"tailing" spot of the pure osone and the round 
compact spot of the"polymer" a third spot of intermediate 
value was rendered visible - see Plate ). On standing the 
third component gradually disappeared from these solutions and 
was not detectable on the chromatogram; it is proposed that 
the third spot is caused by the presence of an unstable polymer 
of the osone which depolymerises in aqueous solution, thus 
accounting, in part, for the complex mutarotations exhibited by 
aqueous solutions of the "froth" (see Part II, 2.1.4.).
Plates ).-6. (see page 124.) show chromatograms of an aqueous 
solution of D-glucosone "froth" made during the course of the 
mutarotation of the solution; these chromatograms demonstrate 
the gradual disappearance of the unetable polymer with the 
production of a solution chromatographically identical with the 
solution obtained by partial concentration of the pure osone.
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Plate 3.
Chromatogram of solutions of:
1. Glucose
2. Fructose 
)• Lactose
4. Gluoosone (unpurified "froth", immediately after 
solution)
5* Gluoosone (concentrate of column eluate)
6. Gluoosone (hydrolysate of tri-Q-lsopropylidene 
derivative)
Paper: Whatman No. 1.
Developer: Upper phase of n-butanol-acetio aoid-water 
(4:1:5) mixture.
Identification reagent: Triphenyltetrazolium chloride.
Temperature; l8®.
Time: l6 hours.
Plate 4.
As Plate 3* except:
4* Qluooiione (unpurified "froth", 15 hours after 
solution)‘
Plate 5.
As Plate 3. except:
4. Gluoosone (unpurified "froth", 6c hours after 
solution)
Plate 6.
As i-late 3* except:
4# Gluoosone (unpurified "froth", 250*hours after 
solution)
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2.1.7* Ionophoretic Analysis*
Attention has recently been focussed on the use of 
filter-paper ionophoresis as a technique complementary to that 
of chromatography for structural studies and analysis of carbo­
hydrates (Jaenioke, 1952; Coneden & Stanier, 1952; Foster, 
1952, 19551 Woodin, 1952; Foster & Stacey, 1955)* Ionophor­
etic migration of certain neutral sugar derivatives occurs at 
an alkaline pH in the presence of borate ions and results from 
the formation of weak negatively charged complexes* Consden 
& Stanier (1952) have shown that the relative distance travelled 
by a sugar under standard conditions of applied voltage varies 
with the stereochemical configuration of the sugar and the pH 
value of the borate buffer employed. By the choice of appro­
priate conditions (pH and time) these workers resolved various 
sugar mixtures, and showed that borate-complex formation was 
undoubtedly taking place and giving rise to mobility since in 
buffers not containing borate there was no migration; clear 
sei>arations were obtained only in borate buffers of pH greater 
than 8.0* Investigations of an extension of the method to 
the separation of disacoharides as well as of the mode of inter­
action of borate ions with carbohydrates was carried out by 
Foster (1955)*
A study of the ionophoretic behaviour of D-glucusone, 
as compared with that of o-glucose and of D-fructoee, in borate 
buffers of varying pH has been made by the present author.
Pure D-glucosone was obtained by acid hydrolysis of its cryst­
alline isopropylidene derivative and was applied in 1% aqueous 
solution, with the aid of a small brush, to 2 cm*-wide stripe 
of filter paper (Whatman 5MM), previously dipped in buffer and 
blotted, as were similar solutions of the other sugars; as a 
control a neutral substance, creatinine, eimilarlarly applied 
to a filter-paper strip, was included in each "run". The 
strips were supported horizontally in an apparatus which was a
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modification of that of Durrum (1950), and a voltage of
volte/om. width applied for 3 hours, during which time the 
current rose from 1.0-1.3 m.amp., depending on the buffer, to 
1.5-2.0 m.amp./cm. width. After drying of the strips the 
positions of the complexes were revealed by spraying with 
aniline hydrogen phthalate in glacial acetic acid followed by 
heating at 100® for 5 minutes; due to the presence of traces 
of borate buffer on the paper use of the triphenyltétrazolium 
chloride reagent for this purpose was shown not to be satis­
factory. The position of creatinine was revealed with alkal­
ine picrate.
In borate buffers of pH 3*0 and 3.2 resolution of a 
mixture of o-gluoosone, u-glucose, and o-fructose was conven­
iently effected. The results are recorded in Table 5.} as 
an index of migration of the borate lon-carbohydrate complexes 
the term value is introduced where for any substance 
35 True distance of migration of the substance 
True distance of migration of o-glucosone 
Such an index, which is analogous to the term of Foster 
(1952) in which migration of any sugar is related to that of 
u-gluoose, is used because, under conditions of pfl for which 
resolution of mixtures containing D-gluoosone may be achieved, 
the borate ion-osone complex possesses the greatest mobility.
Table 5.
Sugar
Mq Values
pH 3.0 pH 8.2 pH 3.4 pH 3.6
d-G1uoosone 1.00 1.00 ' 1.00 l.OO
o-Gluoose 0.64 0.62 1.39 2.00
u-Fructose 0.94 0.91 1.51 1.91
y-Gluoosone 1.00 1.00 ) 7+ Ü.65 0.82o-Qluoose 0.63 0.62 ; )
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Above pH 3.4 the mobility of the osone complex decr­
eased rapidly with increase in|pH; in contrast, the mobilities 
of the complexes of glucose and fructose increased with 
increase in pH, an observation also made by Consden & Stanier 
(1952) with regard to these and other monosaccharides. Such 
results suggest the formation of a different species of complex 
between the osone and the borate ion at higher pH levels. In 
addition, resolution of mixtures of o-glucosone and o-glueose 
or of u-gluoosone and o-fructose at pfl values of 8.4 and higher 
did not take pl^ce owing to tne apparent formation of a complex 
involving the osone and the other sugar with the same borate ion; 
single bands of low mobility were rendered visible by spraying 
ionophoretograms of these mixtures with the aniline hydrogen 
phthalate reagent (see Table 5* for results obtained for the 
glucoaone-glucose mixture).
Separation of the pure osone and the "polymer" present 
in concentrates of solutions of the pure osone, as was possible 
on the paper chromatogram, was not achieved by ionophoresis in 
borate buffers at various pH levels; single bands were obtained 
with all specimens of the osone examined. Such observations 
may be considered to give support to tne proposal that the 
second component produced during concentration is indeed a 
polymer; it is suggested that, in the alkaline buffers used 
in the ionophoresis, this polymer depolymerises to give the free 
osone, thus explaining why the two components apparently re ct 
with borate ions to form the same complex. The alternative 
explanation of the ionophoretic results, namely, that the 
borate ion-osone complex and the borate ion-"polymer" complex 
possess the same mobility even at different pH values, is 
unlikely.
The possibility that free gluoosone contains a hydrated 
carbonyl group possessing an inoipiently ionic hydrogen atom, 
as was proposed by Stacey & Turton (1946) for tetra-O-aoetyl 
u-glucosone hydrate, suggested that migration of the osone
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might occur in buffer systems not containing borate ions.
Such mobility would be in contrast to the normal sugars 
(Consden & Stanier, 1952), although Evans, Niooll, Strauee & 
Waring (1928) have presented evidence that glucose and fructose 
in alkaline media behave as very weak acids. However, it has 
been shown that no migration of o-glucosone (or o-glucose or 
p-fructose) occurs in either phosphate-citrate buffer of pH 7*0 
or in barbiturate buffer of pH 3.6 under the experimental con­
ditions described for the borate buffers.
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2.2. Chemloal Properties and Reactions.
2.2.1. Oxidation of Gluoosone.
Gluoosone has been shown not to decolorise cold neutral 
permanganate solution, thus indicating the absence of either a 
furanose ring structure or an enediolic system in the molecule.
A study of the oxidation of o-gluoosone by the method 
of Nelson (1944), using the improved copper reagent of Somogyi
(1945), been made; the reducing powers of various samples
of the osone have been compared with that of o-gluoose. The 
results are discussed under the heading "Methods of Estimation 
of Gluoosone", Part XI, 2.2.5*
2.2.2. Action of Acids on Gluoosone.
The observation of Fischer (1839) that the action of 
hot dilute mineral acid on o-gluoosone results in the production 
of furfural and laevulinic acid has been confirmed by the 
present author.
5 0 Solutions of o-gluoosone, o-fructose, and o-xylose 
in IN-hydrochloric acid were heated in sealed tubes at 100® for 
2 hours. The solutions were then filtered from humin material, 
neutralised and analysed on the paper chromatogram using the 
upper phase of a ii-butanol-acetic acid-water (4 :1 :5 ) mixture as 
developer and a solution of resorcinol in 2N-hydrochloric acid 
as identification reagent; a similar procedure was used by 
Gottschalk (1952) for the detection of 5-hydroxymethylfurfural 
formed by acid decomposition of N-substituted isoglucosamines.
By this method formation of furfural from u-glucosone and 
u-xylose c nd of 5-hydroxymethylfurfural from d-fructose was 
demonstrated. Similar treatment of a solution of the osone 
in water and in 2N-acetio acid was shown not to produce furfural 
although some decomposition with the formation of small amounts 
of humin material was observed; such decomposition was not 
observed for o-xylose and o-fructose. Longer treatment of the
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the osone with dilute hydrochloric acid gave laevulinic acid, 
identified on the chromatogram using triphenyltetrazolium 
chloride; on heating at 100® for 3 minutes the laevulinic 
acid was revealed as a pale blue ellipse on a pink ground. 
Further confirmation of the production of furfural from the 
osone was supplied by application of the test of Fearon (19504; 
the osone was heated with hydrochloric acid in the presence of 
an excess of urea with the production of a yellow colour, 
characteristic of similar treatment of pentoses. Under these 
conditions the hexosea, the typical acid decomposition product 
of which is 5-hydroxymethylfurfural, give a blue colour.
It is considered that the formation of furfural and of 
laevulinic acid, normally obtained by the further action of 
mineral acid on 5-hydroxymethylfurfural, from D-glucosone take 
place by two different mechanisms. Isbell (1944) has postu­
lated that one of the stages in the production of laevulinic 
acid from 5-hydroxymethylfurfural is elimination of the aldehyde 
group of an oeone-like intermediate as formic acid (see Port I, 
1.5*3*)5 similar decomposition of o-glucoeone, reacting in the 
open chain form, would give the pentose o-arabinose which, 
under the action of dilute mineral acid, would yield furfural. 
Preliminary oxidation of the osone to 2-oxo-D-gluoonic acid, a 
compound which has been shown to give furfural (Shrlich & 
Guttmann, 1934; foung & Hioe, 1946), would provide an alter­
native mechanism. The production of laevulinic acid from 
u-glucosone without the Intermediary formation of 5-hydroxy­
methyl fur fural is more difficult to explain. Levene & Mori 
(1929) have shown acid decomposition of 2-deoxypentoses to 
yield laevulinic acid, a reaction for which Isbell (1944) has 
proposed a theoretical mechanism; it might be sugge* ted that 
a 2-deoxypentose, or &. similar compound, is one of the initial 
products of the action of acid on the osone, further action of 
the acid leading to the formation of laevulinic acid. No 
experimental evidence supporting these proposed mechanisms has
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been obtained.
Certain comparisons may be made between the action of 
dilute acid on o-gluoosone and on 2-oxo-y-gluconio acid. They 
bbth yield furfural, while gluoosone, but not the 2-oxo aldonic 
acid, also gives laevulinic acid* Mild treatment with acid or 
even the heating of aqueous solutions of 2-oxo-u-gluconio acid 
causes énolisation and simultaneous lactonisation with the 
production of u-araboascorbic acid; this same product is also 
obtained by mild treatment with alkali* However, no evidence 
has been obtained for the formation of kojic acid, the product 
of reaction with dilute alkali, by heating acid or neutral 
solutions of D-glucosone*
The report of Hynd (1927a) that gluoosone does not give 
a positive reaction on application of Seliwanoff's test has 
been confirmed. In contrast to the results of Zerban & Settler 
(1950), it has been shown that gluoosone, like many carbohy­
drates, gives a deep green colour with the acid enthrone reagent 
of Dreywood (1946); 2-oxo-D-gluoonic acid has also been shown 
to give this result.
2.2.3 . Action of Alkalis on Gluoosone*
It has been shown that o-gluoosone in the presence of 
a variety of alkaline reagents forms a product giving qualita­
tive tests for kojic acid* Thus, a solution of the osone in 
pyridine, pyridine-acetic anhydride (1:1), 0*lN-sodium hydroxide, 
O.lH-ammonium hydroxide, or collidine saturated with water gave 
a cherry-red colour on addition of a few drops of ferric 
chloride solution. Spectrophotometrie evidence of the forma­
tion, of kojic acid from the osone by the action of dilute 
alkali has been presented previously (see Part II, 2.1.3.).
It is interesting to compare the action of dilute 
alkali on o-glucosone with similar treatment of 2-oxo-D-gluconic 
acid. In the case of the osone (GII) the stable end-product
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may be considered to be the^ -pyrone kojio acid (LXXVII), 
while for the 2-oxo acid (CIII) the product is o-araboasoorbic 
acid (CIV) (Maurer & Schiedt, 1933; Baird, Haworth, Herbert, 
Hirst, Smith & Stacey, 1934), in equilibrium with 3-oxo lactone 
(GV), an -dipyrone". The following general mechanisms 
illustrate the similarity of the two types of rearrangement:
ÇHOH I CîO
ho-6-r
H-i-OH I H—C—0 —  CH^.OH
(CII)
— 0
9HÇ-ÛH CîO 
H—Ô—OH 
h—Ô—Û —
ÇHOH 
Ç-OH 
C-OH 
H—Ç—OH 
d—C—0 —CH^.OH
Ciî^.OH
ÇHOH 
CEOH Ç:0 
H—Ç—OH 
H—C—0—
ÇH !
C-OH
CjO
<f« ,C—0—  ^
ôa..OH
(LXXVII)
ço,a
Ç jO
nO-Ç-H
H-Ç-OHCH^.ÜH
(GUI)
9O2H9-OH
C-OE
H-Ç-OU
E-C-OH
ÇQ
C-OH Ç-OH 
E—C—0—  h—Ç—CE 
CH^.OH
(CIV)
ço
CH OH C:ûa-ç-0
h-C-OE
J
CH^.UE
(CV)
During the simultaneous énolisation and lactonisation 
of 2-oxo-D-gluoonic acid, with the formation of d-Araboascorbio 
acid containing a X-lactone ring, there is no loss of the 
elements of a molecule of water between C^ and C ç as is the 
case in the formation of kojic acid from o-gluoosone•
However, when formation of a ^  -lactone is prevented by substi­
tution of the hydroxyl on of the 2-oxo acid but formation of 
a ^-lactone is possible the similarity between the reactions of 
the osone and the acid towards alkaline reagents becomes more 
obvious. Thus, Haworth, Hirst & Jones (193&) showed that when
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methyl 3:4:6~tri-0-methyl~2-oxo-D-gluooaate (GVI) was treated 
with sodium methoxide in methanol lactonisation was brought 
about between C, and 5 at the same time énolisation occurred 
together with the elimination of the elements of a molecule of 
methanol between G ^ and G 5  with the production of the six- 
-membered ring analogue of ascorbic acid (CVII).
OOjMa CO I6:0 g-OHMeO—Ô—H C—OMeH-<|;-OMe ÇHH-Ç-OH C-0—
Cfl^.OMe CH^.ÜMe
(GVI) (CVII)
In the formation of these analogues of ascorbic acid elimination 
of the elements of a molecule of water between G , and as 
occurs in the transformation of o-glucooone into kojio acid, is 
precluded by the presence of the carboxyl group at C,.
2 .2.4 . Nitrogenous Derivatives of Gluoosone.
Attempts to prepare a crystalline semicarbazone or oxime 
from p-gluoosone met with no success; these results support the 
proposal that the osone exists in a form cont=iining a lac toi 
ring arising on the potential aldehyde group at G , and a hydrated 
carbonyl group at C^ (see Part II, 4.)* No report appears in 
the literature of a semioarbazone or an oxime of 2-oxo-o-gluoonic 
acid.
Analytically pure o-gluoosone methylphenylhydrazone was 
prepared according to the method of Fischer (I889); the deriv­
ative, which reduced Fehling's solution, was shown not to give 
a blue colour with the arsenophosphotungstio acid reagent in 
the presence of alkali-cyanide and it is therefore considered 
that the substituted hydrazine residue is attached to G,_. The 
hydrazone did not regenerate the colour of Schiff* a reagent, 
thus indicating the absence of a free aldehyde group; analyt­
ical results showed the crystalline derivative not to be
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hydrated thereby suggesting that the potential aldehyde group 
at C , is involved in a lactol ring* However, it was shown 
that the oompound did not apparently exhibit mutarotation, 
it is possible that mutarotation is so rapid as to enoape 
detection*
Subsequently Ohle, Henseke & Gzyzewski (1953)* who 
reported similar properties (with the exception of the examin­
ation of the reaction with the arsenophosphotungstio acid 
reagent) for this hydrazone, claimed to identify it with the 
"d-fruotose-methylphenylhydraaone" of reroival & Peroival 
(1937). They obtained the derivative by treatment of the 
methylphenylosazone of d-fructose with nitrous acid .s well as 
from D—gluoosone by the method of Fischer (I88 9), and showed 
that by either method the product was identical with that of 
the treatment of u-fructose with the calculated amount of 
methylphenylhydrazine in acetic acid.
' It has been demonstrated by the present author that 
decomposition of this methylphenylhydrazmne with hydrochloric 
acid or benzaldehyde leads to the formation of u-glucosone.
Mandl & Neuberg (1952) described the characterisation 
of a number of monosaccharides as the corresponding 2:5-dichloro 
phenylhydrazones by reaction of the sugars with the free base 
in methanol* It was sho*;n by the present author that o-gluc- 
osone reacted with 2%5-diohlorophenylhydrazine v;ith the 
immediate precipitation of o-glucose 2;3-diohlorophenylosazone 
under the conditions described by Mandl & Heuberg (1952); 
D-glucose and o-fruotose, even in the presence of an excess of 
the base, gave only the corresponding 2:5-dichlorophenyl- 
hydrazones* Thus, a means of identification and character­
isation of the osone when in admixture with other uugare is 
provided, the diohlorophenylosazone being readily separated 
from the dichlorophenylhydrazones by fractional crystallisation
The ready formation of the sparingly soluble
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2î4-dinitrophenylosazone of o-gluooae from D-^luoosone has 
been used as the basis of a gravimetrio method of estimation 
for various samples of the osone (see Part II, 2.2.5)*
2.2*5# Methods of Sstimation of Gluoosone.
The osone in solution was determined gravimetrically 
as D-gluoose 2:4-dinitrophenyloaaaone by reaction at 40® for 
3 hours with a 1.5% solution of 2:4-dinitrophenylhydrazine in 
2N-hydroohlorio acid. An acid hydrolysate of tri-Q-isopropyl- 
idene u-glucosone hydrate gave 96;^ of the theoretical yield of 
the dinitrophenyloaazone; a standard solution of the dried 
osone "froth", shown ohromatographioally to contain both pure 
osone and "polymer", gave an 8l% yield of the dinitrophenyl- 
osazone, calculated on o-glucosone monohydrate. It is consid­
ered that the "polymer", which was shown to be stable towards 
dilute mineral acid, does not form an osazone, a proposal con­
firmed by attempts to prepare such a derivative from solutions 
of the pure "polymer", isolated ohromatographioally. This 
method of estimation of the osone is of little value when other 
sugars are present, considerable interference occurring under 
the conditions described.
Comparison of the reducing powers of solutions of 
various samples of the osone were m?de with that of o-gluoose 
by the colorimetric technique of Nelson (1944) using the impr­
oved copper reagent of Somogyi (1945)- The results are 
recorded graphically in Fig. 4.; o-glucosone is shown to 
possess approximately 40f of the reducing power of o-glucose. 
From the graph it may be seen that the reducing power of a 
standard solution of the "froth" is identical with that of a 
hydrolysate of the crystalline tri-O-isopropylidene derivative 
of the osone when the product of such hydrolysis is calculated 
as a monohydrate. It is considered that under the influence 
of the alkaline conditions of the reaction the "polymer" 
present in solutions of the "froth" is rapidly depolymerised
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Fig. 4. Determination of the Reducing Power of o-Glucosone
by Nelson's Method.
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tri-O-isopropylidene D-glucosone hydrate, 
calculated as H 0^ .
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with consequent formation of the pure osone; depoXyaierisation 
in alkaline media of the otherwise stable "polymer" has been 
postulated previously to explain the production of ionophoreto­
grams indicating homogeneity of solutions of concentrates of 
the osone (see Part II, 2.1./.).
A oolorimetrio method of estimation of o-gluoosone based 
on the reduction of Benedict's arsenophosphotungstio acid 
reagent for uric acid in the presence of alkali-oyanide has 
been evolved by the present author. The reducing power of a 
standard solution of the "froth" was compared with that of a 
hydrolysate of tri-O-isopropylidene o-gluoosone hydrate and 
that of a standard solution of uric acid; the results are 
recorded graphically in Fig. It may be observed that the
reducing power of the hydrolysate, even when calculated on the 
basis of the product being o-gluoosone monohydrate, is condid- 
erably greater than that of the "froth"; it is suggested that 
under the short and mild alkaline conditions of the reaction 
depolymerisation of the "polymer" present in the solution of 
the "froth" does not occur. It has been shown that solutions 
of the pure "polymer" react only very slowly with the arseno­
phosphotungstio acid reagent and do not reduce Fehling's solu­
tion at room temperature. It is interesting to notice that 
for this method the "froth" possesses 8)^ of the reducing power 
of D-glucosone monohydrate prepared by hydrolysis of the iso­
propylidene derivative, while the "froth" gives Sk* of the 
yield of o-glucose 2:4-dinitrophenylosazone given by the hydro- 
lysate. It was shown that under the conditions of reaction 
of this oolorimetrio estimation of the osone the presence of 
fructose in concentrations of up to 1% did not interfere appre­
ciably, while no colour was given on addition of the reagent to 
solutions of glucose; thus by use of this delicate reaction 
the osone in dilute solution may be both detected and estimated 
when in admixture with other sugars. Substances which
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Fig. 5. Estimation of u-Gluoosone with the Uric Acid Reagent
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Interfere with the reaction include gIyoxal« pyruvic acid, 
2-oxo-aldonic acids, and, of course, uric acids thus the 
method is not directly applicable to the estimation of 
gluoosone in biological material.
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3. DERIVATIVES OF OSONES,
**The goal of most ohemloal réactions in the 
sugar group is the obtaining of a desired 
sugar or some derivative of it in pure 
crystalline state.”
C. S. Hudson, 1951*
3#1. Introduction.
The lack of crystallinity of the osonee makes the prep­
aration of crystalline derivatives from which the osones may be 
readily regenerated in pure state a necessity; it is only by 
way of such derivatives that samples of the osones suitable for 
structural and biological investigations may be obtained. No 
such derivatives are described in the literature; in conse­
quence, attempts have been made, attended by some degree of 
success, by the present author to make good this deficiency in 
the field of osone chemistry.
Attempts to prepare crystalline "glucosonides” by the 
established methods for the preparation of glycosides met with 
little success. Chromatographic evidence of the formation of 
an unstable, non-crystalline ”glucosonide” by treatment of 
D-glucosone with methanol containing dry hydrogen chloride was 
obtained; paper chromatographic analysis of the reaction 
mixture using a neutral developer showed the production of a 
derivative possessing an value greater than that of gluoosone 
Similar analysis employing an acid developer, namely, the upper 
phase of a ji-butanol-acetio aoid-water (4*1:5) mixture, revealed 
the presence of gluoosone only. No "glucosonide” has been 
isolated, possibly due the instability of such derivatives.
Attempted méthylation of o-gluoosone using methyl 
sulphate and sodium hydroxide in the manner employed for the 
preparation of fully methylated derivatives from the free sugars 
led to decomposition of the osone under the influence of the 
alkali. Replacement of the alkali in this mode of alkylation
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with a strong base ion-exchange resin was shown not to be 
effective for the méthylation of fructose and in consequence 
application of this modification to the méthylation of gluoosone 
was not attempted. Hirst (personal communication) has sugg­
ested that sodium salts of the sugars are intermediates in the 
reaction thereby precluding replacement of the inorganic base 
with an insoluble resin.
Acétylation of gluoosone with hot acetic anhydride in 
the presence of anhydrous sodium acetate led to the production 
of di-£-aoetyl kojio acid and not an acetate of the osone.
Maurer and his coworkere showed that crystalline acetates of 
gluoosone, prepared by indirect synthesis, are also converted 
into the kojio acid derivative on attempted further acétylation. 
It is therefore possible that treatment of the free osone as 
described above does yield an aoetylated derivative of the sugar 
which, in the presence of an excess of the reagents, is immed­
iately transformed into the diacetate of the H -pyrone.
The desired crystalline derivatives of the osones, from 
which the pure sugars may be readily regenerated, have been 
obtained by condensation with acetone; the preparation, prop­
erties, and structures of a number of isopropylidene derivatives 
of a variety of osones are described in the following pages.
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3.2. isopropylidene Derivatives of Osones.
3*2.1. Introduction.
‘The condensation of carbohydrates with acetone has long 
been accepted as a method for the preparation of readily oryst- 
allisable derivatives, which may be employed for the investig­
ation of the structure of the original sugar as veil as provid­
ing valuable intermediates for synthetic studies; in addition, 
isopropylidene derivatives, being easily hydrolysed by dilute 
mineral acids, provide a means of preparation of the pure sugar. 
In the case of the osones the preparation of such derivatives 
has not been previously exploited; a full investigation has 
been made by the present author of the isopropylidene derivat­
ives of a variety of osones, preliminary results of which have 
been published (Bayne, Collie & Fewster, 1952).
3.2.2. d-G1ucosone.
3.2.2.1. Tri-Q-isoPropylidene o-Qlucosone Hydrate.
Collie (1941) reported the preparation of a crystalline 
derivative by the treatment of o-glucoeone with anhydrous acetone 
containing concentrated sulphuric acid as catalyst. In spite 
of analytical difficulties he claimed to show that the derivative 
contained two isopropylidene groups, and, mainly on evidence of 
a theoretical nature, formulated it as 1:2-3:6-di-0-i3opropyl- 
idene o-gluoosone (CVIII), containing 1:4- and 2!5-furanose 
rings.
0—c
Me^C
-H
-H—w —-0\ 0-CE^
(CVIII)
Collie was unable to achieve partial hydrolysis of the compound 
although he demonstrated that complete hydrolysis, either with 
dilute mineral .iCid or boiling water, produced free gluoosone, 
identified qualitatively.
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The present author showed that when D-^uoosone» in the 
form of a ”froth”, was shaken with anhydrous acetone containing 
k':' (v/v) of concentrated sulphuric acid it dissolved fairly 
rapidly; such a high concentration of acid was first used by 
Ohle & Koller (1924) for the preparation of di~0-ieopropylidene 
glucose. Froza a solution of the product of condensation, 
isolated in the usual manner, in methanol or dioxan a crystall­
ine derivative, showing physical properties s i lilar to those 
reported by Collie (1941), was obtained in rather low yield.
From the results of elementary analysis and of isopropylidene 
group determination this derivative was considered to be 
tri-O-isQpropylidene o-glucosone hydrate. The derivative did 
not reduce Fehling'e solution, even on boiling, and no colour 
was formed with the arsenophosphotungstlo acid reagent in the 
presence of alkall-cyanide. The failure to prepare methyl 
ethers or acetyl esters under fairly drastic conditions estab­
lished that substitution was complete; such a conclusion was 
supported by the observation that the osone derivative, unlike 
the di-Q-isopropylidene derivatives of the hexoses, which con­
tain one free hydroxyl group, was Insoluble in water. On 
complete hydrolysis, either with O.lN-mineral acid or 85% acetic 
acid, u-gluooeone, char oterised end estimated as o-gluoose 
2;4-dinitrophenylosa%one, was obtained almost quantitatively; 
o-gluoosone could not be identified chromatographically after 
boiling a suspension of the derivative in water although com­
plete hydrolysis was shown to occur on boiling in the presence 
of cation-exchange resin. Since after short exposure of the 
isopropylidene derivative to cold O.lN-sulphuric acid the 
crystalline compound was not recoverable it was presumed that 
at least one of the isopropylidene groups was labile; it has 
been pointed out by Bell (1947) that such behaviour is charac­
teristic of those fully-substituted isopropylidene derivatives 
of sugéir© which possess a furanose ring, an exception existing 
in 1:2-4:5-di-O-isopropylidene fructose which, although
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partially hydrolysed by cold dilute aoid (Irvine & Garrett# 
1910), is not considered to be a fruotofuranoee structure.
Bell (1947) has also shown the labile isopropylidene jroup to 
be attached generally to the primary alcoholic group of the 
sugar.
By the method described crystalline trl-Q-isopropyl- 
idene o-glucosone hydrate was obtained in yields of 12-15^1 
these yields were supplemented to a small extent by chromato­
graphic development of the non-crystalline residues on an 
alumina column with benzene-ether mixtures. Two further 
fractions were obtained from the column, one of which was 
identified as di-Q-isopropylidene o-gluccaone hydrate, charac­
terised as its diacetate (see Part II, 3*2.2.2.); final elu­
tion of the column with methanol gave a small amount of free 
o-glucosone. Alternatively, further treatment of the non- 
crystalline residues with acetone-sulphuric acid gave the tri- 
-O-isopropylidene derivative.
Alternative methods of condensation of gluoosone with 
acetone were investigated in the hope of improving the yield 
of crystalline derivative. The presence of anhydrous copper 
sulphate in the reaction medium was shown not to increase the 
yield. Evaporation of an aqueous solution of the osone in 
the presence of kieselguhr to form a solid mass which was 
powdered and dried i^ vacuo and then treated with acetone con­
taining sulphuric acid, according to the method of Bacon &
Bell (1943) for the preparation of 2s 3‘»4?5-di-0-isopropylidene 
D-fructose from fructose in foetal blood, gave the tri-Q-iso- 
propylidene derivative in 12^ yield. The use of glucosone 
in the form of a white amorphous powder, obtained by addition 
of ether to an etiianolic solution of the osone, for the con­
densation facilitated solution but did not lead to an increase 
in the yield of the derivative. Application of the procedure 
of Grunenberg, Bredt & Freudenberg (1933) using fused zinc 
chloride catalyst and a mixture of phosphorus pentoxide and
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syrupy orthophosphoric aoid as dehydrant, gave 10-12# yields 
of the derivative; Grunenberg _et al. (1938) claimed to obtain 
high yields of acetone sugars by their method and have pointed 
out that, "due possibly to the acidic acetonisation medium the 
same acetone products are obtained which are formed by the use 
of sulphuric acid am catalyst". Treatment of a solution of 
glucosone in glacial acetic acid with dry acetone containing 
anhydrous zinc chloride was attempted but removal of excess zinc 
chloride with Iiydrogen sulphide after neutralisation caused 
degradation of the reaction products. Low yieldajof the tri-0- 
-isopropylidene derivative were obtained by shaking glucosone 
"froth” with a suspension of cation-exchange resin in dry 
acetone at room temperature for 5 days; such a method has the 
advantage over those involving the use of high concentrations 
of acid of the absence of side products such as mesityl oxide 
and mesitiylene, as well as requiring no neutralisation. This 
mode of condensation has been utilised recently by V/adroan (1952) 
for the preparation of di-Q-isopropylidene u-glucose and iso- 
propylidene derivatives of mannitol.
The only other example of a tri-D-isopropylidene deriv­
ative of a sugar structure containing six carbon atoms, other 
t*ian the hexitols, is the tri-O-isopropylidene o-gluconio acid 
of Haworth, Hirst & Jones (1937)* Like the tri-O-iaopropylidene 
derivative of glucosone this derivative was obtained, from 
crystalline calcium gluconate, in comparatively low yield.
The explanation of the widely varying yields of the products of 
the condensation of sugars and sugar derivatives aith carbonyl 
compounds is not obvious; thus, a tri-Q^-ethylidene derivative 
may be obtained from mannitol in 95^ yield (Meunier, 1J 9 D , while 
a corresponding derivative of sorbitol, re ared under similar 
conditions, is obtained in 18» yield (dullivan, 1945» Bourne & 
Wiggins, 1948). The possibility that other iaoü?.erio forms, 
which may not necessarily be readily crystallised, may be formed 
simultaneously cannot be excluded; thus, two isomers of
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tri-£-ethylidene sarbitol have been reported (Sullivan, 1945), 
while simile)r types of isomerism have been described by 
Baskins, Zann & Hudson (1942) and Hann & Hudson (1944) in the 
hexitol series. Bell (1936) reported the simultaneous form­
ation of two isomeric mono-Q-isopropylidene derivatives of 
methyl Z-ü-methyl-o-glucofuranoside, while Oldham & Honeyman
(1946) showed that methyl-B-t-arabinoside gave a mixture of 
two 5:4-0-benzylidene derivatives, only one of which was obtai­
ned crystalline; a similar pair of ethylidene derivatives warn 
also obtained. At the same time the nature of the condensation 
product derived from any given pair of reactants is not always 
independent of the type of catalyst used, particularly with 
regard to the degree of condensation. Thus, the low yield of 
crystalline tri-Q-isopropylidene u-glucosone hydrate obtained 
by the original method described above may be explained on the 
following grounds: a non-crystalline isomeric tri-O-ieo-
propylidene derivative may be formed simultaneously, although 
such a derivative was not isolated from the non-orystallisable 
residues by chromatographic analysis; the conditions of 
condensation may not have been sufficiently rigorous to bring 
about complete substitution of all the substrate, nince in 
addition to the crystalline trl-Q-iaopropylidene derivative a 
non-crystalline di-Q-isopropylidene derivative was obtained in 
good yield and was shown to be identical with the product of 
partial hydrolysis of the completely substituted derivative 
(see Part II, 3*2.2.2.).
3.2.2 2. Bi-O-isoiropylidene u-Gluoosone Hydrate.
%hen tri-Q-isopropylidene o-glucosone hydrate was diss­
olved in 35# acetic acid (in which it is more soluble than in 
aqueous methanol or aqueous acetone) and maintained at 5Q** it 
was apparent that slow hydrolysis took place; the hydrolysis 
could be followed polarimetrioolly in spite of the low æpecific 
rotation of the starting material. A break in the fall in
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Fig. 6. Hydrolysis of Tri-O-isoPropylidene u-Glucosone Hydrate
(c, 4.80 in 85^ acetic acid).
+ 0 5
o
SO50
TIME, HOURS
4020
o
Fig. 7 . Hydrolysis of fri-O-isoPropylidene t-Gulosone Hydrate
(c, 5*00 in 85% acetic acid).
t in e , hours
-  01
2 -02 
o - 0*5
- 04
-OS
-  0*6
- 0*7
-  0 8
148.
rotation after 3 hours suggested the completion of one stage
of hydrolysis (see Fig. 6.)î at this point the solvent was
evaporated and a non^reduoing syrup was obtained which could 
not be crystallised# Acétylation of this product with acetic 
anhydride in the presence of anhydrous sodium acetate gave a 
crystalline derivative; from the results of elementary analysis, 
isopropylidene group determination, and estimation of acetyl 
groups by direct titration the crystalline derivative was con­
cluded to be di-Q-aoetyl-di-Q-isopropylidene o-glucosone hydrate.
One of the non-crystalline fractions obtained in good 
yield, either by columnar chromatography or by chloroform extr­
action, from the residues of the condensation of o-glucosone 
with acetone was identified as di-Q-isopropylidene o-glucosone 
hydrate, characterised as its diaoetate.
3#2.2.3* Determination of the Structures of the isopropylidene
Derivatives of o-Gluoosone.
The demonstration, by direct titration, that two acetyl 
were present in di-Q-aoetyl-dl-Q-iaopropylidene o-gluoosone 
hydrate is important since it shows that the iso pro pylidene 
group removed was not attached to the hydrated carbonyl group 
at of the sugar. Stacey & furton (1946) have shown the free 
hydroxyl group on this carbon atom in tetra-O-aoetyl o-gluoosone 
hydrate to possess an inoipiently ionic hydrogen atom; thus, if 
the labile isopropylidene group in tri-O-isopropylidene o-gluo- 
oaone hydrate were attached in such a position the direct titra­
tion of the diacetate of di-Q-isopropylidene o-gluoosone hydrate 
should have required three equivalents of alkali.
It was demonstrated that one molecular proportion of 
periodate was consumed by di-Q-isopropylidene o-gluoosone 
hydrate, prepared in solution by deacetylation of its diaoetate, 
with the production of one molecular proportion of formaldehyde, 
estimated as its dimedone derivative. The di-Q-isopropylidene
derivative is therefore assigned the structure 1:2-2%3**di-0-
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•Isopropylidene o-gluoonone hydrate (CX), and the parent cora- 
pound that of It3-$;6-tri-0-ioopropylideoe o-glucosone 
hydrate (CIX), each containing a It4-*furanose ring,
/O • cHi
HO.CH
0 - 0  - Ct\0-2
(CIX)
These structures were confirmed by méthylation, by the 
method of i^ urdie & Irvine (1905), of (CX) with the formation of 
di-O-methyl-dl-O-isopropylidene o-glucosone hydrate; aoid 
hydrolysis of this latter derivative gave the di-£-methyl osone 
which was characterised as 516-di-^O-methyl o-gluoose j^-bromo- 
phenylosasone. The di-^-methyl osone was also completely oxid­
ised with periodate with the formation of o0-dimethoxypropal- 
dehyde (di-^-methyl glyceraldehyde), characterised as the 
jj^bromophenacyl derivative of a^-dimethoxypropionio acid .(di-£- 
-methyl glyceric aoid). The structure of 5:6-di-jO-methyl 
D-g^uoose has been similarly confirmed by Salmon & Powell (1939),
From the products of'periodate oxidation of the di-0- 
-isopropylidene derivative after the addition of an aqueous 
solution of dimedone was isolated not only the bisdimedone of 
formaldehyde but a further crystalline fraction; the expected 
carbohydrate product of the oxidation is 1%2-213-di-O-iso- 
propylidene 5-aldo-p-xyIoaone hydrate (CXI) and it is presumed 
that its bisdimedone is insoluble in water.
CWIO
O - C H t ,
(CXI)
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Bell (1948) did not observe the preoipitation of carbohydrate 
bisdisedonee following periodate oxidation of partially methyl­
ated sugars, and periodate oxidation of It2-0-isopropylidene 
D-glucose, under the same conditions, yielded only the dimedone 
derivative of formaldehyde* the oxidation product, 1;2-Q-iso- 
propylidene 5-aldo-o-xylose (Iwadare, 1941), remaining in 
solution,presumably as its bisdimedone. However, Bourne, 
MoSweeney & Wiggins (1952) have shown the bisdimedone of the 
2t5-425~di-0-i8Opropylidene derivative of aldehydo-t-xylose to 
be insoluble in water; such a compound would be expected to 
exhibit solubility properties similar to those of the bisdimedone 
of the osone fragment described above.
5*2.5# I-Glueosone.
Crystalline tri-O-isopropylidene t-glucosone hydrate 
was obtained by treatment of t-glucosone with acetone containing 
concentrated sulphuric aoid in the manner described initially 
for the preparation of the corresponding derivative of o-gluoosone.
5.2.4* 5*”^ *Kcthyl D-Olucoaone.
Treatment of 5*ii*nethyl o-glucosone with acetone and 
sulphuric acid gave a product, isolated in the usual manner, 
which could not be crystallised. The derivative was non-reduc­
ing, was insoluble in water, and gave qualitative tests for an 
isopropylidene derivative; decomposition occurred on attempted 
distillation ^  vacuo, and on hydrolysis with dilute mineral 
acid 5**C*Aethyl o-gluoosone, characterised as 5*C-methyl 
D-glucose phenylosazone, was obtained,
5*2.5" i-Gulosone,
Condensation of l -gulosone with acetone in the manner 
described for o-glucosone gave a crystalline derivative in 15^ 
yield which was identified ansdytically as a tri-O-isopropylidene 
L-gulosone hydrate. The compound was shown to possess physical 
properties similar to those of the corresponding o-glucosone
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derivative; the u-gulosone derivative was shown to be non- 
reducing and to be completely substituted* Acid hydrolysis 
gave L-gulosonet characterised as t-gulose phenylosasone*
One of the isopropylidene groups was shown to be labile, 
suggesting the presence of a furanose ring structure as was 
shown to be present in tri-O-isopropylidene o-glucosone hydrate* 
Hydrolysis of the L-gulosone derivative in acetic aoid could 
be followed polarisetrioally (see Fig. ?•) and a break in the 
fall in rotation after 3 hours suggested the completion of one 
stage of hydrolysis; at this point a non-reducing syrup was 
isolated which could not bejorystallised but on acétylation a 
crystalline derivative was obtained and identified analytically 
as di-O-acetyl-di-Q-isopropylidene L-gulosone hydrate; it 
showed physical and chemical liroperties similar to those of the 
diacetate of di-Q-isopropylidene o-gluoosone hydrate.
The presence of a It4 furanose ring in the isopropylidene 
derivatives of L-gulosone was confirmed by observation of the 
consumption of one molecular proportion of periodate with the 
simultaneous production of one molecular proportion of form­
aldehyde by dl-Q-isopropylidene L-gulosone hydrate, prepared in 
solution by deacetylation of its crystalline diacetate* Hence, 
the di-O-isopropylidene derivative is formulated as lt2-2*3- 
-di-0-isopropylidene L-gulosone hydrate (CXIII) and the parent 
compound as 1:2-2:)-5:6-tri-0-ieopropylidene L-gulosone hydrate 
(CXID*
0 - C  He
(CXII) (CXIII)
From the dimedone derivatives of the products of periodate 
oxidation, as well as the bisdimedone of formaldehyde a cryst­
alline derivative was isolated which was shown to be identical
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with that obtained from similar oxidation of di-Q-isopropylidene 
D-glnoosone hydrate, and identified tentatively as the bis- 
dimedone of 1:2-2:3-di-O-isopropylidene 5-aldo-D-xylosone 
hydrate (CXI). The isolation of euoh a derivative oonfirms the 
structures assigned to the isopropylidene derivatives of both 
o-glucosone and L-gulosone, a pair of sugars whose only config­
urational difference exists at C^ , the asymmetry of which carbon 
atom is destroyed by periodate oxidation of the corresponding 
di-Q-isopropylidene derivatives with the formation of a common 
product only if the derivatives possess the proposed structures.
5.2.6. D-Xylosone.
Condensation of o-xylosone with acetone gave a non- 
reducing product which could not be obtained crystalline. This 
product gave qualitative tests for an isopropylidene derivative 
and on hydrolysis with acid formed o-xylosone, characterised as 
D-xylose phenylosasone.
3*2«7* Conclusions.
It has been shown that condensation with acetone with the 
production non-reducing derivatives is a general reaction in the 
osone group. Tri-O-isopropylidene o- and l -glueosone hydrate and 
tri-O-isopropylidene L-gulosone hydrate are the first crystalline 
derivatives to be prepared directly from the respective osones 
and from which these sugars may be readily regenerated. The 
moderate stability cf the osones towards acid minimises their 
decomposition when the crystalline derivatives are hydrolysed, 
such hydrolysis affording osones with a higher standard of purity 
for both structural and biological investigations than has 
hitherto been available. Thus, pure o-glucosone obtained in 
this manner has been employed for the study of the rotational, 
spectrophotometric, chromatographic, and ionophoretic properties 
of the osone; at the same time the tri-O-isopropylidene deriv­
ative has provided a standard for a number of methods of estim­
ation of D-glucosone.
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In addition to the value of these crystalline derivatives 
as possible synthetic intermediates and sources of the pure 
osones, from a study of their structures a number of conclusions 
may be drawn regarding the structural features of the free osones* 
Since the total yields of the corresponding tri- and di-O-iso- 
propylidene osone hydrates of o- and u-gluoosone and of L-gulosone 
are comparatively high it may be concluded that the major part of 
these osones condense with acetone in the form of stable hydrates, 
the elements of the molecule of water being an integral part of 
the osone structures and not merely an associated molecule of 
water analogous to water of crystallisation, the demonstration 
of these isopropylidene derivatives as hydrated structures con­
firms the previously recorded observation (see Part II, 2.1.2. 
and 2.2.5. ) of the analytical behaviour of o-glucosone **froth^  ^as 
a monohydrate. The formulation of a 1%4-furanose ring in the 
isopropylidene derivative in no way implies the presence of a 
similar ring in the free osones; the behaviour of o-gluoosone 
towairds oxidising agents such as hypoiodite (Kyrback, 1939) and 
lead tetra-acetate (Seeker & May, 1949) suggests the presence of 
a lt5*pyranose ring in the molecule. Under the influence of 
the acid conditions of condensation conversion to a furanose^is 
considered to vccur; a similar conversion takes place during 
condensation of glucose with acetone.
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4. THE STHUCTUHS OF GLUCOSONE.
From the general reactions and properties of o-gluoosone 
the open chain structwe (LXXXI) proposed by Fischer (1339) may 
beaceopted provisionally.
CHO0:0HO-Ç-HH-Ç-OHH-Ç-OHCH^.Ofl
(LXXXI)
However, it has been shown by the present author from the results 
of elementary analysis (see Part II, 2.1.2#) that the osone, as 
isolated in the form of a ”froth’', exists as a monohydrate of 
molecular formula that is ,o 0^  0. Such a molec­
ular formula is supported b.v the results obtained for the esti­
mation of glucosone employing a hydrolysate of the crystalline 
tri-Q-isopropylidene derivative as a standard (see Part II,
2.2*5* and 5*2.7#).
No evidence has been obtained by the author for the 
preaenoe of a free aldehyde group in glucosone when in aqueous 
or alcoholic solution; thus, solutions of the osone, even after 
being boiled, did not regenerate the colour of Sohiff's reagent 
and did not give an addition compound with dimedone. It may 
therefore be concluded that the potential aldehyde group at C, 
is either very stably hydrated or involved in a lactol ring.
It is generally recognised that compounds containing a hydrated 
aldehyde group, although exhibiting none of the physical prop­
erties to be associated with a free aldehyde, may nevertheless 
behave chemically as such owing to the instability under fairly 
mild conditions of the hydrated groups however, it Has been 
shown that chloral hyarate does not regenerate the colour of 
Schiff’s reagent and does not yield an addition compound with 
dimedone 1though, on heating, it does reduce Fehling’s solution. 
From a study of the ultraviolet absorption spectra of aqueous
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solutions of glucosone C^art II, 2.1.5*) evidence of the exist­
ence of at least a proportion of the molecule being present in 
a form containing a free carbonyl group has beenjobtained. The 
previous evidence described above rules out the possibility that 
the free carbonyl group is that of a free aldehyde group and 
such a group is therefore to be associated with | such a 
conclusion is supported by reports of other workers that, in 
neutral solution, the aldoses, in contrast to the ketoses, 
exhibit no selective absorption of ultraviolet light correspon­
ding to a free carbonyl group (see Part II, 2.1.5*)* The inst­
antaneous production of a blue colour on addition of Benedict’s 
areenophosphotungstic acid reagent for uric aoid to a solution 
of glucosone in the presence of alkali-cyanide also argues for 
the presence of a free carbonyl group; Ariyama (192?) showed 
glyoxal to give a similar reaction with this reagent, while the 
present author has demonstrated that pyruvic aoid s.e well|s8 
2-oxo-D-gluoonio acid, compounds recognised as containing a free 
carbonyl group at , also give the colour immediately.
Fructose gives the reaction only weakly unless exposed to the 
prolonged action of alkali, the rate of development of colour 
presumably being dependent upon the rate of opening of the 
lactol ring on in this sugar; the initial reaction of 
fructose, mulch was shown to be very weak, may be ocounted for 
by the presence of a small proportion of the open chain form 
of the sugar considered to be present in aqueous solution.
The observation of Hiederhoff (1929) that a solution of 2-oxo- 
-D-gluconic acid showed no absorption of ultraviolet light 
corresponding to a free carbonyl group, was interpreted by this 
orker as indicating the presence of a lactol ring on ; an 
alternative interpretation, however, is that in such solutions 
the carbonyl group is hydrated, such hydr ition being stabilised 
by the presence of the adjacent free carboxyl ^roup. This 
roposai of the absence of a lactol ring in the acid is supp­
orted by the observation of Niederhoff (1929) himself that the
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free aoid did not exhibit mutarotation. Thus, in alkaline 
solution the stabilising influence of the carboxyl group is 
decreased due to neutralisation and hence the compound gives 
the reaction with the arsenophosphotungstio aoid reagent char­
acteristic of a free carbonyl group; at the same time the free 
carbonyl group of a proportion of this open chain modification 
may engage in a lactol ring since Ohle & Berend (192?) showed 
that condensation of barium 2-oxo-o-gluconate with acetone gave 
the 2;3-4;5-di-O-isopropylidene derivative (CXVIl); in addition, 
it has been shown that esters and salts of the acid exhibit 
mutarotation (Ohle & Ber end, 1927; Ohle & Wolter, 193^^* i'hus, 
depending upon the pU of vhe solution, 2-oxo-D-gluconic aoid 
may be considered to be present in solution in a number of diff­
erent modifications: a hydrated open chain form (CXIV) which on 
addition of alkali may form the free carbonyl structure (CXV), 
the latter giving the blue colour with the arsenophospotungstio 
aoid reagent; the free carbonyl structure (CXV) may also give 
the modification (CXVI), containing a 2:6— fructopyranose ring, 
which, on condensation with acetone, yields (CXVIl), and which 
is the structural form of the mutarotating esters and salts.
CO,E ÇO^H CO, aCOH(OH) C:u lio-Cao-c-H HO-ç-a ho-ç-h i'.«i-NÜ-Ç-Hii-à-OH a-Ç-OH H-Ç-OH
h- 6 - üh a -ç -o ii H-ç-oHCH^.OH CHj.j-' 6a, .ü
(cxiv) (CXV) (cxvi) . (cxvn)
The fact that fructose gives the blue colour much less 
re^^dily than does gXuco^>one ia further evidence for the absence 
of a lactol ring associated with C, in the osone. With re^-srd 
to o-^luco?!One may be considered as being intermediate 
between 2 - o x o - d - gluconic acid and d - fructose; in the 2-oxo- 
aldonio aoid, owing lo the proximity of the carboxyl ^roup, the 
carbonyl group at is stably hydrated in acid or neutral sol­
ution; it has been mown that in the solid state the carbonyl 
rroup of glucosone is hydrated but in solution such hydration
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is unstable (being less strongly stabilised by the influence of 
the adjacent potent! 1 aldehyde group) and a proportion of the 
osonr exists in a form containing a free carbonyl group, thus 
accounting for the exhibition by solutions of the osone of 
selective ab orption in the ultraviolet region corresponding 
to such a group; in fructose the carbonyl gr;up is preferen­
tially involved in a lactol ring while a small proportion exists 
in a free carbonyl form, the primary alcoholic group providing 
no stabilising influence for a hydrate.
The exhibition of mutarotation by glucosone solutions 
suggests the presence of at least one lactol ring in the mole­
cule, The observation by Becker & May (1949) that no form­
aldehyde is produced on lead tetra-acetate oxidation of the osone 
indicates that the hydroxyl group at Cg is probably concerned 
in such a ring system; since glucosone has been shown not to 
decolorise cold neutral permanganate solution a furanose ring 
is considered to be absent, apart from the fact that the car­
bonyl group at is most probably present in a hydrated form.
It is therefore proposed that glucosone contains a l:5-gluco- 
pyranose ring; such a proposal is further supported by the 
work of Kyrback (1939) who demonstrated that o-gluoosone is 
oxidised by hypoiodite at approximately the same rate as is 
D-glucose (see Part I, 2.2.1.3.).
It has been suggested by several workers (Hynd, 1927a; 
Becker & May, 1949; Petuely, 1952) that glucosone may exist in 
a form containing two lactol rings, each to be associated with 
one of the two reducing centres. Such a structure would not 
allow of the existence of a hydrate and would not react immed­
iately with the arsenophosphotungstlo aoid reagent. In 
addition, although the observation by Becker & May (1949) that 
the osone consumes three molecular proportions of lead tetra­
acetate has been interpreted by them as representing the oxid­
ation of structures such as (CX^III) the results are open to an
alternative explanation. The hydrated structure (dXIX) would
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similarly consume three molecular proportions of oxidant with­
out formation of formaldehyde; evidence that such hydration 
represents an integral part of the molecule is also provided 
by these numerical results, since oxidation of structure (CXX), 
containing a free carbonyl group, in glacial acetic aoid, a 
non-hydroxylating solvent (Baer, 1940), would lead to the con­
sumption of one molecular proportion of oxidant (see Part I, 4#)#
CH^ D aij.OH
H(oh) 
Sh(^)h)
(Ca VIII) (CXIX)
H O
(CXX)
Ho crystalline derivative of glucosone has been obtained 
in which two lactol rings are present. On the other hand, 
Maurer and his coworkers prepared crystalline acetates and ben- 
z^oates corresponding to (CXIX) (see Part I, 1#4#1# ) and these 
derivatives, although prepared indirectly, have been shown by 
the present author to be true derivatives of glucosone (see 
Part II, 1.4.1#); at the same time Stacey & Turton (1946) 
specified the possible reasons for the hydration of the carbonyl 
at C in these acetates, The final and most convincing evid­
ence for the existence of glucosone as (CXIX) is the direct 
preparation by the present author (see Part II, 5#2,2,) of a 
crystalline isopropylidene derivative structurally identified 
as 1X2-213-586-tri-Q-iaopropylidene o-gluoosone hydrate (CIX)
cMf
(CIX)
A discussion of the full significance of the structure of this 
derivative has been presented previously (see Part II, 3#2.7, ).
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r Glucosone as (CXIX), oapable of reacting in the free 
carbonyl form (CXX), may be expected to polymerise in the same 
manner as do other carbonyl-containing compounds of the same 
type such as pyruvic acid and hydroxypyruvic aldehyde. Such 
polymerisation would explain the complex rotational behaviour 
of solutions of the osone ”froth” as well as the production of 
solutions shown, chromatographioally, to be heterogeneous on 
concentration of solutions of the pure osone (see Part II,
2•1•4• and 2.1.6#).
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Melting pointa are unoorreoted. Hicroanalyaes for carbon and 
hydrogen are by Dra. Weller and Strauas, Oxford.
1. THE PREPARATION OF VARIOUS SUGAR DERIVATIVES.
1.1. 112-516-di-O-iaoPropylidene p-Glucose.
a) Anhydrous o-glucose (25g#) was shaken with dry acetone 
(500ml.) containing concentrated sulphuric aoid (15#0ml.) and 
anhydrous copper sulphate (50g.) for 15 hours at room temper­
ature* After cooling the reaction mixture was neutralised 
with anhydrous sodium carbonate, filtered, and evaporated to 
a aemi-cryatalline syrup. Recrystallieation from methanol 
gave 1$ 2-5$6-di-0-isoj?ropylidene o-gluoose (25g#, 69-OfO,
m.p. 110®, Lujf -12.5® (c, 2.0 in chloroform).
b) By the method of Glen, Myers & Grant (1951) the derivative
was obtained in 70.0^  yield, m.p. 111®.
c) Condensation of o-gluoose with acetone employing fused zinc
chloride as catalyst and a mixture of phosphorus pentoxide and 
853 phosphoric aoid as dehydrant, after the manner of 
Jrunenberg, Bredt & Freudenberg (1938), gave di-£-isopropyl­
idene glucose in 72*0% yield, m.p. Ill® after recrystallisation 
from methanol.
1.2. 1%2-Q-iaQiropylldene p-Glucose.
Di-O-isopropylidene o-gluoose (40g.) was hydrolysed according 
to the directions of Meyer & Reichstein (1946) to give 1:2-^- 
isopropylidene o-gluoose (30g., 38.0%), «.p. 153-160® after 
recrystallieation from ethyl acetate.
1.5. 2s3-4%5-Di-Q-isorropylidene o-Fruotose.
a) By the method of Pacsu, Wilson & Graf (1939) (a modification 
of the procedure of Ohle & Koller, 1924) the derivative was
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obtained in 62.0% yield, m.p. 97®, -32.9® (o, 1.00 in
water), after recrystallisation from 2$% ethanol.
b) Hydrolysis of sucrose followed by condensation with acetone 
according to the method of Ohle & Welter (1930), using concen­
trated sulphuric aoid (4%, v/v) as hydrolysing agent and cata­
lyst and ION- sodium hydroxide as neutralising agent , gave 
di-Q-lsopropylidene fructose in 56.8% yield, m.p. 96® after 
reorystalliaation from 25% ethanol.
1.4. 3-0-Methyl p-Qluoose.
1;2-5:6-Pi-O-isopropylidene o-gluoose (75g.) was methylated 
by the method of Glen, Myers & Grant (1951). The syrupy 
product of 3-0-methyl-l;2-5%6-di-O-lsopropylidene o-gluoose 
(74g., 94.0%) was hydrolysed by boiling with an aqueous suspen­
sion of cation-exchange resin (Amberlite X.H. 120-H) (Glen, 
Myers & Grant, 1951) to yield 3-0-methyl o-glucose (38.6g., 
75.0%), m.p. 168® after reorystallisation from metaanol.
(field of 3-^-methyl o-gluoose, based on u-glucose, 43.0%).
1.5. 3:4t6-Tri-0-Methyl p-Fructose.
Tri-£-methyl inulin, prepared from inulin triacetate according 
to the directions of Haworth & Straight (1932), was hydrolysed 
by the method of Haworth, Hirst & Fercival (1932); distill­
ation of the syrupy product in a vacuum (120®/0.O^mm.) gave 
3;4:6-tri-0-methyl o-fruotose, la]'* 4-25.5® (o, 1.00 in chloro­
form) .
1.6. 3%5:6-Tri-0-Methyl p-Qlucose.
1;2-isoXropylidene o-glucose (40g.) in dry acetone was treated 
with methyl sulphate (73ml.) and powdered sodium hydroxide 
(60g.) for 3 hours according to the directions of Glen, Myers 
& Grant (1951) for the méthylation of di-O-isopropylidene 
glucose; syrupy 315;6-tri-O-methyl-l; 2-0-isopropylidene
o-glucose (47g., 97.05) w s isolated and hydrolysed by boiling
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with an aqueous suspension of cation-exchange resin (Amberlite 
I.R. 120-H). The syrupy product was distilled in a vacuum 
(130-134®/0.05mja.) to give 3î5î6-trt-0-»ethyl o-glucose (27.Og., 
68.0%), UJ'* -25.B® (o, 1.00 in water).
1.7. 2:3:4:6-Tetra-0-Acetyl-2-0xy-p-Glucal.
o-Glucose was treated with acetic anhydride, bromine, and red 
phosphorus aooording to the directions of Martea & Korosy (1950) 
to give 2:3:4:6-tetra-£-aoetyl-D-gluooByl bromide in 93% yield, 
m.p. 87® after reorystallisation from ether. The aoetylgluooeyl 
halide was treated with diethylamine by the method of Maurer 
(1929) to give 2j3^4:6-tctra-0-acetyl-2-oxy-o-gluoal in 50% 
yield, m.p. 63® after reorystallisation from aqueous ethanol.
1.8. N-p-Tolyl p-isoQluoosamine.
The derivative was obtained in 34% yield by,the method of
Weygand (1940), m.p. 153®, [a]^  -25.0 — ►-10.0° (24 hours)
(c, 1.00 in methanol).
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2. l.ÆPAaATION OF 0SAS0NS3.
2.1. p-Gluoose Phenyloaazone.
a) p-Gluoose hydrate (99g*, 0.5 mole), freahly distilled 
j^-toluidine (65*5g*, 0 .6 2 5 mole), water (75ml.), and 2N-aoetio 
aoid (25ml.) were heated together at 100® for approximately
5 minutes A ot solution of freshly distilled phenylhydrasine 
(177ml., 1.66 moles) in 2N-aoetio xCid (1,250ml.) was added with 
stirring. The phenylosazone separated out in 2 minutes as pale 
yellow crystals. The mixhire was heated for a further 50 
minutes, cooled and filtered. The product was washed twice 
with 2H-aoetic aoid, three times with water and twice with eth­
anol -ether (2:5). After drying in a desiccator in the dark 
the D-glucose phenylosazone (130g., 72.5%) gave m.p. 206®
(deoOmp.). Reorystallisation from absolute ethanol gave pale 
yellow crystals, m.p. 208® (decomp.), -5 *3 — ►-36® after
24 hours (o, 1.00 in pyridino-ethanol, 2;3)*
b) Reaction of Ü-£-tolyl p-isogluoosamine .ith phenylhydrazine 
in 2N-aoetio aoid gave D-gluoose phenylosazone, m.p. 203®, in 
almost quantitative yield.
2.2. L-Glucose Phenylosazone.
The mixture of t-gluooce and L-minnose (15g#) obtained by aoid 
decomposition of the product of the condensation of t-arabinose 
vith nitromethane (Sowden & Fischer, 1947),in aqueous solution 
(250ml.) was warmed on the boiling water bath. Phenylhydrazine 
(20ml.), glaoial acetic aoid (14ml.), sodium acetate (4g.), and 
a few crystals of sodium hy rosulphite (to prevent the formation 
of dark-coloured contaminants) were added and the mixture heated 
for 2 hours. The dark brown mixture was cooled and filtered 
and the residue washed successively with 2N-aoetio acid, water, 
and cold ethanol to yield 6.9g* of dark yellow crystals. 
Reorystallisation, after treatment with charcoal, from hot absol<
ute ethanol gave pale yellow crystals of L-gluoose phenylosazone
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(6*0g., 20.0;^ ), m.p. 20$-206* (deoomp«)« mixed m.p. with 
u-gluoooe phenylosazone (m.p. 2D%*) 19&*, laj* +5? — ► *►3^ ®
(24 hours) lo, 1.00 in pyridine-ethanol (2%3)j.
2.3* 3-0-Methyl p-Oluoose Phenylosazone.
This osazoae wee prepmred from 3-0,-n*®thyl o-*gluoos« aooording 
to method a) for w-gluoose phenyXosazone (2.2.) except that the 
period of heating was extended to 1 hour. The crude product, 
m.p. 162-163* (decomp.), was reorystallised from absolute 
ethanol to give 5-£-Methyl o-gluoose phenylosa&one (77Z yield) 
in the form of pale yellow needles having a double m.p., 16?* 
and 175* (no deoomp.). Further recrystallisation from absolute 
ethanol gave a product m.p. 176*, [oj* -105—►-25* (24 hours) 
(.0, 1.00 in pyridine-ethanol (2:5)].
2.4. 3:4:6-Tri-0-Methyl o-Glucose Phenylosazone.
Syrupy 5j4:6-tri-^-niethyl o-fruotose (l6g.) was treated with 
phenylhydrasine (23ml.) in 2N-acetio acid (500ml.). The mix­
ture was heated on the water bath for 2 hours after which time 
it was poured into cold water (1 litre). The precipitated oil 
was dissolved in 997^  ethanol and the hot solution treated with 
charcoal, and filtered. On cooling and dropwise addition of 
water 3:4:6-tri-0-methyl o-gluoose phenylosazone (10.Og., 57^) 
was obtained as pale yellow crystals, m.p.llS® (no decomp.). 
2eorystallisation from absolute ethanol gaVe a product showing 
m.p. 120*, [aj® -55— ►+5i* (75 hours) [o, 1.00 in pyridine- 
-ethanol (2:3)j•(Found: 0, 62.6; fl, 7.1; N, 14.2; OMe. 23*4* 
^ requires C, 65*0; H, 7.0; N, 14.0; 3OMe, 25.5:3).
2.5* 5:5:6-Tri-0-Methyl p-Qlucoee Phenylosagone.
Syrupy 5:5:6~tri-0-methyl p-glucose (52g.) was treated with 
phenylhydrazine (46ml.) in 2H-aoetic acid (450ml.) and the prod­
uct isolated as described for 5:4:6-tri-0^met%yl D-gluoose 
phenylosasone (2.4.). decrystallisation from absolute ethanol
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gave 3:5:6-tri-0-methyl u-gluoose phenylosazone as pale yellow 
crystals (iG.Og., 30^), m.p. 62* (no decomp.), [uj* -100.0— » 
-34.5* (70 hours) [o, 1.00 in ethanol-pyridine (2:5)j (Found:
C, 62.3; H, 7.2; N, 14.5; OMe, 25*2. requires
0, 65.0; H, 7.0; N, 14.0; 3OMe, 25.5%).
2*6. p-Galaotose Phenylosaxone.-
This osa&one was prepared from o-galaotose according to method
a) for o-gluooso phenylosasone (2. 1.) ; the crude product 
was recrystallised from absolute ethanol to give o-galactose 
phenyiosaaone in 70?S yield, m.p. l86* (deoomp.)
2.7. t-Gulose Phenylosaaone.
L-Sorbose was treated with phenylhydrazine in the manner desc­
ribed for the preparation of the tri-^-methyl hexose ^henyl- 
osasones (2.2. and 2.5.). Recrystallisation of the crude 
product from absolute ethanol gave i-gulose phenyloeazone in 
54% yield, m.p. I64* (deoomp.).
2.8. D-Xylose Phenylosazone.
This osasone was prepared from o-xylose according to method a) 
for D-gluoose phenyloeasone (2.1.); the crude product was 
reorystallised from absolute ethanol to give o-xylose phenyl- 
osasone, m.p. I66-I67® (deoomp.), [ajj -24.0 —♦-46.0* (53 hours) 
[c, 1.00 in pyridine-ethanol (2*5)].
2.9. u-Olucose 2:4-^initrophenylosasone.
A solution of D-gluoose (6g.) in water (10ml.) was added to a 
hot solution of 22 4-dinitrophenylhydrasine (20g.) in 2R-hydro- 
chloric acid (1,200ml.) containing ethanol (10ml.) and the 
mixture heated at 100* for 12 hours, during which time a dark 
red product was precipitated. The mixture was filtered and 
the residue washed with cold 2R-hydroohloric acid and water 
and then dried in a vacuum desiccator to give D-gluoose
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2;4-dialtropbeaylo6azoae (17.2g., 95%), m.p. 225* (deoomp.), 
after reoryetalllsatioa from ethyl acetate m.p. 243* (deoomp.).
i
2.10. p-Glaoose Bishydraaoae.
N-p-Xolyl-p-isoglaoosamlne (9g.)$ hydrazine hydrate (7g.), and 
10% acetic acid solution (45ml.) were mixed and warmed on the 
boiling water bath. A pale yellow oily solution was obtained 
after 5 minutes heating from which, on further heating , j^ -tol- 
uidine was precipitated as an oil. The mixture was heated for 
a total of 30 minutes and then cooled whereupon the precipitated
2-toluidine crystallised and was removed by filtration* Last 
traces of ^ -toluidine were removed by extraction of the solution 
with ether. In this manner an aqueous solution of u-glucose 
bishydrazone was obtained.
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3. rHGPAKATIÛÎÎ OF J S O m S .
3 .1 . By Decompoaition of the Corresponding Qaaaone with 
Hydroohlorio Acid.
3.1.1* u-Qluooaona.
D-Glucose phenylosaxone was decomposed with concentrated 
hydrochloric acid strictly according to the directions of 
Fischer (1889); by this method o-gluoosone was obtained in 
30; yield.
Attempted decomposition of o-gluoose 2:4-dinitropaenylosa&one 
with hydrochloric acid led to thc^reoovery of the starting 
material.
3*2. By decomposition of the Corresponding? Osaaone with 
Benaaldehyde#
3.2.1 * D-Qluoosone.
D-Clucose phenylosazone ClOg.) was triturated with 9 6 . ethanol 
(300ml.) and poured into a 2-litre three-necked flask fitted 
with a dropping funnel, stirrer, and condenser. Glacial acetic 
acid (Cml.)t benzaldehyde (iGml.), and distilled water (500ml.; 
were added. After refluxing for 2)^  hours #ith constant stir­
ring the solution became clear, refluxing was continued for a 
further 2 hours, during which benzylidene phenylhydrazone sep­
arated out. With the condenser reversed 2ioml. of distillate 
.ere oollioted in 3^-45 minutes, distilled water (300ml.) being 
added concurrently through the dropping funnel. The reaction 
products were syp oned from the flask, allowed to cool over­
night and the pr oipitated b n^ lidene phenylaydraaone filtered 
off. The combined filtrate and washings were evaporated under 
reduced pressure at 40* to a volume of loss tnan 2^0ml. and 
extracted 3 -6 tiuss with ether (200ml., to remove residual 
benzylid no phenylhydrazone, benzoic acid etv. A single treat­
ment with charcoal at this stage gave a faintly graenish-yellow 
solution, which on evaporation under reduced pressure t^ 40*
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yielded D-glucosone as a pale y H o w  syrup (2*9g#;. The syrup 
was dissolved in water (8ml.) at 40® and extracted with aot 96" 
ethanol (300ml.), a further treatment with charcoal carried out 
and the solution evaporated to a syrup. The syrup was again 
extracted with ethanol to give a water-white solution. On 
evaporating to dryness, under reduced pressure, o-glucosone 
(2.3g., 50.0%) was obtained as a white froth" which was detached 
from the flask and dried^to constant weight ^  vacuo over phos­
phorus pentoxide at 20®; the "froth** showed -10.6—►♦4*2®
(150 hours) (o, 9.27 in water). (Found: C, 35* t H, 6.15*
0(, requires C, 40.4» H, 5*6. O^.H^O requires C, 36.7;
R, 6.1%). Attempts to crystallise the gluoosone failed. The 
OBone did not restore the colour of Sohiff's reagent and did not 
decolorise cold, neutral permanganate solution, it reduced 
Fehling*e solution in the cold nd gave a blue colour with 
Benedict's rsenophosphotungstio acid reagent for uric acid in 
the presence of alkali-cyanide. With phenylhydrazine in acetic 
acid D-glucose phenylosazone was rapidly formed at room tempf^ r- 
ature. îkirther purification of the "froth", achieved by precip­
itating it from a hot ethanolic solution by addition of ether 
or by chromatographic purification on a cellulose column using 
acetone-water (9:1) as developer, brought about no modification 
in these properties.
Attempted reparation of o-gluoosone by decomposition of b-glucose 
2:4-dinitrophtnylosazone with benzaldehyde according to the above 
method resulted in quantitative recovery of unchanged osazone.
D-Olucosone was obtained in poor yield by decomposition of 
u-gluoose bishydrazone, prepared in solution, with benzaldehyde; 
severe losses were incurred during purification.
3,2.2. t-Glucoaone.
L-Glucose phenylJSûzone (6.5g,) was treated with benzaldehyde 
(10.5ml.) in the manner described for the preparation of o-glucosone.
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L-GluooGone, obtained in k3% yield, showed the same ohemioal 
properties as o-gluoosone, and gave t-gluoose phenylosazone, 
m. p. 204*, onjtreataent with phenylhydrazine in aoetio acid.
3 2.3, 3‘-^*-Methyl D-Qluooeone,
k hot solution of 3-^-®«thyl D-gluoose phenylosazone (10g«) in 
99% ethanol (150ml.) was added dropwise with stirring during 
1 hour to a hot mixture of water (500ml.), glacial aoetio coid 
(6ml.), and benzaldehyde (15ml.). After the addition was com­
plete the reaction mixture was refluxed with constant stirring 
for 4 hours. Water (150ml.) was then added during the removal 
of ethanol (135ml.) by distillation. The reaction mixture was 
syphoned off and treated as for the preparation of o-glucosone 
(3.2.1.) to yield syrupy 3-£-methyl o-glucosone (1.9g# $ 37%), 
which showed the same chemical properties as D-gluoosone;
3-£-methyl o-gluoose phenylosazone was obtained, m.p. 174*, on 
treatment with phenylhydrazine in acetic acid at room temper­
ature.
3.2.4. 3:4*6-Tri-0-Methv1 o-Gluoosone.
The preparation followed the modification of the general method 
adopted for the preparation of 3-£-methyl o-glucosone (3.2.3.). 
3:4:6-Tri-O-Methy1 o-glucosone was obtained from the correspon­
ding phenylosazone in 30% yield as a syrup showing the same 
chemical properties as D-gluoosone; treatment with phenylhydr­
azine in acetic acid gave 3:4t6-tri-£-methyl p-glucose phenyl­
osazone, m.p. 113*.
3.2.5. 335:6-Tri-£-Methyl o-Qluoosone.
The preparation was carried out by the method described for 
the 3:4:6-tri-0-methyl osone, syrupy 3*5:6-tri-0-methyl o-gluc- 
osone being obtained in 32:^  yield showing the same chemical 
properties as D-gluoosone; treatment with phenylhydrazine in 
acetic acid gave 3:526-tri-£-methyl e-glucose phenylosazone, 
m.p. 59*.
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3.2.6. o-Qalaotosone.
The preparation followed the general method deeoribed for 
D-gluoosone (3*2.1.)• o-Galaotosone was obtained as a "froth"(40%) 
showing the same chemioal properties as D-gluooaone, treatment 
with phenylhydraxine in aoetio aoid gave o-galaotose phenyl­
osazone, m.p. 195*.
3*2.7. L-Gulosone (i-Sorbosone).
The preparation followed the general method described for 
D-glucosoae (3*2.1.). t-Gulosone was obtained as a "froth" in 
42% yield, showing, the same chemical properties as o-glucoaone; 
treatment with phenylhydrazine in acetic aoid give u-guloae 
phenylosazone, m.p. I63*.
3.2.3. D-Xylosone.
The preparation followed the modification of the general method 
adopted for the preparation of 3-0-methyl o-gluoosone (3.2.3.). 
D-Xyl08one was obtained as a "froth" in 40% yield, showing the 
same chemioal properties as o-gluoosone; treatment with phenyl­
hydrazine in aoetio aoid gave o-xylose phenylosazone, m.p. I66*.
3*3* By Decomposition of the Corresponding Osazone with 
Pyruvic Aoid.
3.3.1. D-Olucosone.
D-Olucose phenylosazone (lOg.) was suspended in 20% ethanol 
(120ml.) containing pyruvic aoid (5g*)• The mixture was refl­
uxed with constant stirring for 1 hour. After cooling the 
precipitated pyruvic aoid phenylhydrazono was removed by filtr­
ation and the filtrate was then purified and worked up in the 
manner described for the filtrate obtained at a similar stage in 
the decomposition of o-gluoose phenylosazone with benzaldehyde 
(3.2.1.). o-Glucosone (3*lg-» 62%) was thus obtained showing 
properties identical with those of samples of the osone prepared 
by other methods.
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3*3.2. D-Galaoto60ne.
By the method described for o-glucosone ( 3 * 3 * 1 * )  o-galaotosone 
was. obtained in 6l% yield by decomposition of o-galactose 
phenylosazone with pyruvic aoid.
3*3*3*  t-Gulosone.
By the method described for o-glucosone ( 3 * 3 * 1 * )  t-gulosone was 
obtained in $8% yield by decomposition of L-gulose phenyl­
osazone with pyruvic acid.
3*3*4* o-Xylosone*
By the method described for o-glucoaone ( 3 * 3 * 1 * )  o-xylosone was 
obtained in 63% yield by decomposition of p-xylose phenyl­
osazone with pyruvic acid.
3.4. By Decomposition of the Corresponding Osazone with Qlyoxal.
3.4.1. o-Gluooaone.
o-Glttoose phenylosazone (lOg.) was suspended in 1% acetic acid 
(lOOml.) containing slightly less t^ ian the theoretical amount 
required of glyoxal (1.65g.). The mixture was heated on the 
boiling water-bath with constant stirring for 2 hours. After 
cooling the precipitated mixture of glyoxal hydrazone and 
glyoxal bishydrazone was removed by filtration; the filtrate 
was rigorously extracted with ether, treated with charcoal, 
and evaporated undss reduced pressure at 40* to give a syrup 
of crude o-glucosone (3*5g*, 67%)* By reaction with methyl- 
phenylhydrazine the syrup was shown to contain considerable 
amounts of unchanged glyoxal, characterised as the bismethyl- 
phenylhydrazone of glyoxal which was separated from the methyl- 
phenylhydrazone of o-glucosone by fractional o ystallisation 
from aqueous ethanol; the presence of free glyoxal in the 
product would account for the observation of the regeneration 
of the colour of Schiff’s reagent by the "glucosone". Attempts 
to modify the procedure whereby decomposition was made more 
complete met with no success; pure gluoosono was obtained by
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this method only after ohromatographio purification of the 
product on a cellulose column, or by condensation of the 
product with acetone followed by hydrolysis of the resulting 
crystalline tri-0-igopropylidene derivative of the osone.
3.5* p-Gluoosone by Direct Oxidation of p-Fruotose.
3.5.1. Action of Cuprio Acetate.
l^ Yuotose (iBg.) was dissolved in a saturated solution (500ml.) 
of cuprio acetate in water. Solid oupric aoetnte (lOOg.) was 
added and the mixture maintained at 50®, with occasional shaking, 
for 30 hours, a further 50g. of acetate being added after 20 
hours and another 50g. after 25 hours. The reaction mixture 
was cooled and filtered and the filtrate and washings treated 
with hydrogen sulphide, sodium chloride (Ig.) being added to 
prevent the formation of colloidal sulphur. The precipitated 
copper sulphide was filtered and the filtrate and washings 
aeraxted to remove excess hydrogen sulphide. The resultant 
acid solution was deioiaed by passage through columns of ion- 
exchange resins (Amberlite I.H. 100-8 and Amberlite 1.2, 4B-0H) 
The effluent was shown to be free of copper ions and of hydrogen 
sulphide but still reacted slightly aoid owing to the presence 
of acetic : cid which is not removed by the weak base exchanger 
Amberlite I.&. 4B-0H; the use of a strong base exchanger such 
as Amberlite I.H. 400-OH is precluded mince it was shown that 
strong retention of the osone, as well as reducing sugars in 
general, occurs on this resin. Chemioal reactions indicated 
the presence of considerable amounts of unoxidiaed fructose 
as well as gluoosono in the solution. The solution was evap­
orated under reduced pressure at 40® to a syrup (11.Ig.) which 
was treated with dry acetone (220ml.) containing concentrated 
sulphuric aoid (7ml.) for I8 hours at room temperature. The 
resulting solution w%s decanted from traces of undiosolved syrup 
and neutralised, with cooling, with solid anhydrous sodium car­
bonate; the undissolved syrup was further treated with acetone
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containing sulphuric acid, the resulting solution neutralised 
and combined with that obtained initially. After filtration 
the combined solutions were evaporated under reduced pressure 
to a semi-crystalline syrup (14-Og.). The syrup was dissolved 
in|chloroform (150ml. ) and the solution rigorously extracted 
9ith water. A small portion of the aqueous extract was treated 
with 1 drop of concentrated hydrochloric aoid and boiled; after 
neutralisation the hydrolysate gave no colour with the arseno- 
phosphotungstic acid reagent in the presence of alkali-cyanide, 
thus indicating the absence of glueosone, and gave a positive 
result on application of Seliwanoff’s test, indicating the 
presence of fructose. The extracted chloroform solution was 
evaporated to a semi-crystalline syrup (ll.lg.) which was shown 
to contain considerable amounts of isopropylidene derivatives 
of fructose. The syrup was therefore extracted with hot water 
and the aqueous extract was combined with that of the chloroform 
solution; on concentration of the combined aqueous extracts 
2)5-4:5~di-&-isopropylidene o-fructose (3.5g.) separated, m.p. 
96® after recrystallisation from aqueous ethanol. Recrystall­
isation of the syrupy residue of the second aqueous extraction 
from methanol gave tri-Q-isopropylidene o-glucosone hydrate
)# m.p. 124-125®, mixed m.p. with an authentic specimen 
of the iaopropylidene derivative (m.p. 125®) 125®. Since the 
tri-Q-isopropylidene derivative is given by pure o-gluoosone 
in yields of 12-15% the production of 0.35g. of the derivative 
represents the presence of approximately 1.5g. of free glucoeone 
among the products of oxidation of l8g. of fructose, thus indic­
ating the unsuitability of this particular procedure for the 
preparation of osones.
Fructose (9g,) was dissolved in methanol (300ml.) containing 
cuprio acetate (4g.) in suspension; the mixture was refluxed 
for 1 minutes , filtered and the filtrate freed of excess of 
copper reagent by treatment with hydrogen sulphide. After 
filtration from thr precipitated sulphide the filtrate was freed
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of excess of hydrogen sulphide as in the procedure described 
above. The solution was evaporated unier reduced pressure to 
a syrup C8.3g.) which was treated with acetone (300ml.) con­
taining concentrated sulphuric acid (5ml.) and the product Xg.Og.) 
isolated as described above. The semi-crystalline product was 
extracted with hot water and the residue was reorystallised 
from methanol to give tri-Q-isopropylidene o-glucosone hydrate 
(0*51#*)# m.p. 124®, thus indicating the formation of approxi­
mately 3 *0g. of o-gluoosone by the oxidation of 9.Qg. of 
p-fructose by this method. Similar oxidation of 9Qg* of
fructose gave 5 .0g. of the crystalline tri-Q-isopropylidene
derivative of o-glucosone. The method has also been pplied 
to the Xrep ration of L-gulo&one, :>.lg. of tri-Q-isopro/ylid; ne 
L-^ulo one hydrate being obtained from th^ products of the oxid­
ation of gOg. of L-sorbose.
3.3.2. Action of uelenious Acid.
u-Fructose was oxidised with sel^nioua aoia according to the 
direction© of Dixon & Harrison (1932) to give u-glucosone in 
6.0% yield; osone prepared in this manner showed the same chem­
ical properties as aid the sample obtained by the bensalde lyde 
method (3 .2 .1 .).
3 .6.indirect Syntheses of u-Gluoosone.
3 .6 .1 . Cxiuation of 2:3:4:6-1 tra-J-Acetyl-2-Oxy-o-Gluc^l 
Qij Tetra-£-acetyl-2-oxy-o-glucal (l5 *Qg*) was added t.> an ethereal 
solu ion (120ml.) of perbenzoio acid (lOg.), prepared by the 
method of Tiffeneau (I92B), previously cooled in ice; the mixture 
was shaken until solution was complete. After 24 hours there 
separated a crystalline substance ( .Qg.) , m.p. 62®, identified 
SB unchanged starting material; on concentration of the filtrate 
2:3;4:6-tetra-£-aoetyl u-glucosone hydrate (3 «2g.) separated, 
after recrystallisation from o&loroform-light petroleum m.p.
[a]'* +14.7 —♦+53* 9°(96 hours) (c, 2.00 in 20% ethanol) [Found:
_0-Ac (by direct titration), 59*9* Calc, for 4 _0-Ac, 4?.3%J*
o
a#
177.
b) Tetra-£-aoetyl-2-oxy-D-gluoal (3.0g.) in dry ether (100ml.) 
was treated at 0* with dry chlorine until the solution became 
permanently yellow; the solution was evaporated under reduced 
pressure to a syrup which was dissolved in ether (30ml.) and the 
solution treated with silver carbonate (lOg.) and a few drops
of water. The mixture was shaken for 3 hours, filtered and the 
residue extracted with hot chloroform. The chloroform extract 
was evaporated under reduced pressure to a syrup which on 
recrystallisation from chloroform-light petroleum gave 2:3:4%&- 
tetra-O-acetyl o-glucosone hydrate (l.lg., 21.0%), m.p. 117®, 
mixed m.p. with product of preparation a) (m.p. Il8®) 117*.
c) Tetra-O-aoetyl-2-oxy-D-gluoal (5*0g.) was chlorinated as 
described in preparation b); the syrupy product was dissolved 
in ether (30ml#) and to the solution 1 "teaspoonful" of sodium 
bicarbonate and a few drops of water were added. The mixture 
was shaken until evolution of carbon dioxide ceased hour) 
and then filtered; by extraction of the residue with chloroform 
a small amount of tetra-O-aoetyl o-glucosone hydrate was 
obtained by evaporation of the extract and recrystallisation of 
the residue from chloroform-light petroleum. The ethereal 
filtrate was concentrated and allowed to stand at room temper­
ature for 12 hours; the crystalline precipitate was removed by 
filtration, further amounts being obtained by addition of light 
petroleum to the mother-liquor. The crystals were reoryst^ll- 
ised from chloroform-light petroleum to give 3*4:6-tri-£-aoetyl 
D-gluoosone hydrate (2#3g., 47%), m.p. 75*, +101.4 ^»+36.3*
(10 d«ya) (o, 1.00 in 40% ethanol).
Both tetra-O-ioetyl and tri-£-aoetyl o-glucosone hydrate were 
shown to reduce Fehling*s solution at room temperature; the 
totra-£-fiOetyl derivative gave a blue colour with Benedict's 
arsenophosphotungstic acid reagent in the presence of alkali- 
cyanide on standing, while the tri-£-acetyl derivative gave the 
colour immediately. After Khort treatment with dilute alkali 
both derivatives gave u-^lucose phenylosazone, m.j. 2v4®, on
treatment vith phenylhydrazine in aoetio aoid. A umall por­
tion of the tetr^-O^aoetyl derivative was oatalytically 
deacetylated with sodium in absolute methanol; w-gluoosone 
was detected in the resultant solution by chromatography on 
puper using the upper phase of a in-butanol - acetic acid - water 
(4:1:5) mixture a© developer and triphenyltétrazolium chloride 
as identification reagent.
Treatment of tri-jQ-acetyl o-glucosone hydrate (l.Og. ) with 
acetone (50ml.) containing concentrated sulphuric acid (1.6ml.) 
gave tri-Q-isopropylidene o-gluoosone,hydrate, m.p. 125*, isol­
ated in the usual manner (Q.lg,, 10%).
3.6.2. Oxidation of 2;3~4:5-Di~0-isoPropylidene o-Fruotose.
a) From the treatment of the fructose derivative in methanol 
with oupric acetate at ICO® for 10 minutes the starting material 
was recovered quantitatively.
b) A solution of di-Q-isopropylidene fructose (2.0g.) in
dry chloroform (50ml.) was treated with manganese dioxide (lOg.) 
and the mixture stored at room temperature for 6 days. The 
mixture was filtered from the oxidant and the filtrate evapor­
ated under reduced pressure to a semi-crystalline syrup; 
recrystallisation from 25% ethanol gave di-O-isopropylidene 
fructose (l.Sg.), m.p. 96®. The mother liquor did not regen­
erate the colour of Schiff's reagent, reduce Benedict's reagent, 
or form a crystalline derivative on addition of a solution of 
dimedone.
c) Treatment of a solution of di-O-isopropylidene fructose in 
light petroleum containing solid calcium carbonate with a solu­
tion of tert.-butyl chromate, prepared according to the direc­
tions of Ûppenauer & Oberrauoh (1949), gave a solution showing 
reducing properties; no crystalline derivative was isolated.
3.6.3. Oxidation of H-p-Tolyl-p-isoGluoosamine.
N-p-Tolyl-p-isoglucosamine (l.Og.) was suspended in water (50ml.) 
containing bromine v l . O m l . )  and the mixture shaken at room
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temperature for 1 hour. The clear yellow solution was decanted 
from the brown tarry material (identified after purification 
by distillation in steam as 2:6-dibromo-jg^-toluidine) and freed 
of excess of bromine by treatment with a stream of nitrogen.
The colourless solution was made alkaline to Congo red by 
addition of sodium hydroxide solution; a small portion of the 
neutralised solution gave o-glucose phenylosazone, m.p. 205* 
after reorystallisation from ethanol, on treatment with phenyl- 
hydrazine at room temperature. The neutralised solution 
reduced Fehling*s solution without the application of heat, 
and gave a negative result to Seliwanoff’s test; with the 
arsenophophotungstic aoid reagent in the presence of alkali- 
cyanide a blue colour was given immediately. Chromatographic 
analysis on paper of the solution showed the presence of 
gluooBone. The solution was evaporated under reduced pressure 
to a semi-crystalline syrup which was extracted with hot absolute 
ethanol. The ethanolic extract was evaporated under reduced 
pressure and the syrupy residue treated with acetone (50ml.) 
containing concentrated sulphuric aoid (1.6ml.). A syrupy 
product was isolated in the usual manner which on reorystall­
isation from methanol gave tri-Q-isopropylldene o-glucosone 
hydrate, m.p. 123°, mixed m.p. with authentic specimen of the 
derivative (m.p. 125°) 124°, in very low yield.
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4. NITROGENOUS DERIVATIVES OF GLUCOSONS.
4.1. Attempted Formation of a Settl-Carbazone of p-Oluooeone.
Semi-carbaaide hydrochloride (0.5g#) was dissolved in water 
(0.5ml.) and made up to 25ml. with methanol. This solution 
(20ml.) was neutralised with sodium methylate solution (3.2ml.) 
prepared by dissolving sodium (Q.5g«) in absolute methanol (20ml.)« 
Tho neutralised solution (4ml.) was added to D-gluoosone (O.lg.) 
and the mixture refluxed for 1 hour. No orystalline product 
was obtained.
4#2. Attempted Formation of an Oxime of p-Qluoosone.
Hydroxylamine hydrochloride (0 .4g*) was dissolved in the minimum 
of warm water; to the solution was added sodium (0 .15g#) in 
absolute methanol (2ml.). The solution was allowed to cool 
and decanted from the precipitated sodium chloride. To the 
combined filtrate and washings (2ml. methanol) o-glucosone (0 .3g.) 
was added and the mixture warmed at 30-43®. No orystalline 
product was obtained.
4.3* o-Glucosone Methylphenylhydrazone.
A solution of o-glucosone (5*0g*) in hot 96% ethanol (35ml.) 
was treated with methylphenylhydrazine (2.25ml., 3 *4g.); the 
mixture was allowed to stand at room temperature for 2 hours 
during which time precipitation of yellow crystals occurred.
The reaction mixture was stored at 0® over-night, filtered and 
the residue reorystallised from absolute ethanol to give 
o-glucosone methylphenylhydrazone (3 #lg« # 40.3%), m.p. 1?0®,
Ivkj'J -260® (c, 1.00 in pyridine)(Found: C, 55*4; H, 6.4;
N, 1 0.0 . C,^  O^N^ requires C, 55*35 H, 6 .4 ; N, 9 *9%)*
The derivative gave no colour with the arsenophoephotungstic 
aoid reagent in the presence of alkali-cyanide, did not regen­
erate the colour of Sohiff's reagent, and gave a negative result 
on application of Seliwanoff's test; it redàoed Fehling*s
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solution only on boiling. On refluxing a solution of the 
derivative with benzaldehyde or on dissolving it in cold con- 
oentrated hydroohlorio aoid solutions were obtained giving 
qualitative tests for gluoosone.
4#4* Reaction of p-Qluoosone with 2;3-Diohlorophenylhydrazine.
D-Gluoosone (l.Og.) was added to a solution of 2:5-diohloro- 
phenylhydrazine (l.Og.) in hot methanol (Bml.) to give an imm- 
diate precipitate of bright yellow crystals. The product was 
removed by filtration, washed once with ether and once with 
water; reorystallisation from aqueous ethanol gave D-gluoose 
2:5-diohlorophenylosazone (l.Og., 70.0% calculated on 2:5- 
dichlorophenylhydrazine), m.p. 252®, mixed m.p. with authentic 
specimen (m.p. 233®) 232® (Found: C, 44.4; H, 3.7$ .N, 10.1.
O^N^Gl^ requires C, 44.5$ K, 3*7$ N, 9.9%)* Under 
the conditions described above, even in the presence of a large 
excess of the phenylhydrazine derivative, glucose and fructose 
were shown to give the corresponding 2:5-dichlorophenyl- 
hydrazones, m.p. l60° and 151® respectively; addition of the 
reagent to a solution containing both gluoosone and glucose
gave an immediate precipitate of the osazone, derived frum the
osone, the hydrazone of glucose being obtained only on concen­
tration of the reaction mixture.
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3. METHODS OF ESTIMATION OF GLUOOSONE.
5 .1 . Qravimetrio Estimation as Glucose 2!4«»DinltrophenylQBazotie.
Tri-Q-isopropylidene o-gluoosone hydrate (0.1500g.) was hydrolysed 
with 0.IN-sulphuric aoid at 100®. When solution was complete 
the hydrolysate was made up to a volume of 25ml. with water;
1ml. of the standard solution was diluted with water and made up 
to a volume of 100ml. 25ml. of the dilute solution was treated
with 10ml. of a 1 .5% solution of freshly reorystallised 2 :4- 
-dinitrophenylhydrazine in 2&-hydrochloric acid at 40® for 3 
hours. The precipitated o-gluoose 2;4-dinitrophenylosazone 
was filtered off on a tared sintered-glass funnel, washed with 
a little 2N-hydrochlorio aoid and then with cold water and dried 
to constant weight in a vacuum desiccator. field % 24.5mg«$ 
theoretical yield : 25»5 *^^ ., i.e. 96% yield obtained.
Similar treatment of a standard aqueous solution of o-glucosone 
"froth", calculated as glucosone monohydrate gave
3l% of the theoretical yield of o-glucose 2:4-dinitrophenyl­
osazone.
5.2. Estimation of the Reducing iower of Gluoosone by Nelson*a 
Method.
Comparison of the reducing powers of standard solutions of 
o-gluoo6one "froth", a hydrolysate of tri-O-iaopropylidene 
D-gluoosone hydrate, and D-gluoose was made by the method of 
Nelson (1944), using the improved copper reagent of Somogyi 
(1945); results are recorded in Fig. 4., p. I3 6. Gluoosone 
was shown to possess approximately 40% of the reducing power 
of glucose; the reducing power of the osone "froth" is iden­
tical with that of the product of hydrolysis of tri-£-iaoprop­
ylidene D-glucoeone hydrate, the product being calculated as 
glucosone monohydrate, G^H 0 ,^ .H2.O.
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5*3* Estimation of Gluoosone Using Benedict*® Reagent for 
Uric Acid.
Standard solutions of D-gluoosone "froth" and a hydrolysate of 
tri-0-ieopropylidene o-glucosone hydrate, containing in the 
order of 0 .3rag. of glucosone/ml., were compared colorimetrically 
with a standard solution of uric aoid, employing Benedict's 
arsenophosphotungstic acid reagent in the presence of alkali- 
-cyanide. 0 .5 , 1 .0 , 1 .5  and 2.0ml. samples of the standard 
solutions were mixed with 1.0ml. of the reagent and 1.0ml. of 
a 5% solution of potassium cyanide in 0.OlN-potassium hydroxide 
containing 10% (w/v) of urea; the mixtures were made up to a 
volume of 5ml. with water and placed in a boiling water bath 
for 1 minute; they were then cooled for 1 minute in cold water, 
allowed to stand at room temperature for 2 minutes, and then 
diluted to 25ml# and compared in a photoelectric colorimeter 
(Eel), using an Ilford 621 filter^ against a "blank".
Results are recorded graphically in Fig. 5#, p. 13&. The
"froth" was shown to possess 33% of the reducing power of the 
product of the hydrolysis, oaloulated on the latter being 
D-glucoeone monohydrate,
Fructose was shown not to interfere with the estimation in con­
centrations of up to lOmg./ml. ; under the conditions of the 
estimation solutions of glucose were shown to give no colour 
with the reagents.
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6. PRSrARATIOM AND PROPERTIES OF IsoPROPYLIDSNS DERIVATIVES 
OF OSONES.
6 .1 . u-Qluoosone.
6.1.1. Tri-O-isoPropylldene o-Gluoosone Hydrate.
D-Gluooson© (4.12g.) was dissolved in methanol (50ml.) and the 
solution evaporated rapidly under reduced pressure at 50® to 
yield a stiff "froth". Acetone (150ml.), dried over anhydrous 
calcium chloride and redistilled, was cooled to 0° and concen­
trated sulphuric aoid (5«1 *) was added dropwise with stirring. 
The acidified acetone was added to the osone "froth" and the 
mixture shaken for 8 hours, after which time solution was com­
plete. The brown solution was allowed to stand overnight in 
the refrigerator and then neutralised, with cooling, with 
anhydrous sodium carbonate, filtered and the filtrate evaporated 
to dryness at atmospheric pressure and finally under reduced 
pressure at 6 0°. The residual semi-crystalline syrup was 
dissolved in absolute methanol (15ml.) and the solution cooled 
to yield 0. ’5g. of orystalline material, m.p. 125*. Further 
crops were obtained by concentration of the mother liquor and
by the addition of water to give a total yield of 1.12g. (15.5%4, 
A further small amount of the same material was obtained by 
chromatographic analysis of the non-crystalline residue follow­
ing the above procedure. Reorystallisation from methanol or 
dioxan gave tri-O-isopropylidene o-glucosone hydrate (hereafter 
referred to as(I);, m.p. 125», -6.6* (o, 2.12 in methanol)
(Found: C, 57*3; H, 7.5# CMe^ , 39.5* - G 0^  requires 
C, 5 6.9 # 6, 7.6; , 39*9%). The crystals were oluble
in most organic solvents except light petroleum and insoluble 
in water.
6.1.2. Attempted Acétylation of Tri-O-ieorropylidene D-Qlucosone Hydrate.
a) The compound (l)(0.5g.) was dissolved in redistilled pyridine 
(3ml.), the solution cooled to 0* and acetic anhydride (5ml.)
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added. The mixture was warmed to 30* and allov.ed to stand 
overnight at this temperature and then poured, with stirring, 
into loe water (3Gml.). The crystalline precipitate was 
filtered off, washed with water and reorystallised from meth­
anol yielding colourless crystals (0.45g*)* m.p. 125®, not 
depressed on admixture with authentic crystals of(I).
b)The derivative(I) (0 .5g.) was dissolved in acetic anhydride 
(5ml.), anhydrous sodium acetate (u.lg.) added, and the mixture 
warmed for 5 hours at 75*. The cooled reaction mixture was 
poured into ice water (25ml.) and adjusted, with stirring, to 
pH 6 with sodium bicarbonate. The dried chloroform extract 
was evaporated to a syrup under reduced pressure and acetic aoid 
was removed by codistillation ^ith toluene. The syrup crystall­
ised from ether-light petroleum (b.p* 4O-6O®/, m.p. 123-124®, 
not depressed on admixture with authentic specimen of (I).
6 .1 .3. Attempted Méthylation of Tri-O-isoPropylldene o-Glucosone Hydrate. ‘ **
a) The compound (I) (0.75g*) was subjected to four méthylations 
with freshly prepared silver oxide (l.Og.) and dry methyl iodide 
(3ml.) in the usual way (Purdie & Irvine, 19C3). The residual 
semi-crystalline syrup crystallised from methanol (0 .5  g.), 
m.p. 125* not depressed on admixture ith authentic (I).
b) The derivative (I) (0.5g.) was dissolved in sodium-dried 
ether (10ml.). Sodium wire (0.5g.) was added and the mixture 
refluxed for 6 hours. No evolution of hydrogen was apparent.
The solution was decanted from the sodium and, with shaking, 
dimethyl sulphate (v.3111.) was added. The mixture was refluxed 
for 15 minutes and Allowed to stand overnight at room temperature, 
/ijvery slight precipitate resulted. The mixture was vorked up 
in the usual way, the compound (I) (0.4g.) (m.p. and mixed m.p. 
124*; being recovered.
186.
6.1.4. Hydrolysis of iri-£-ieoPropylidene o-Gluoosone Hydrate 
s) The compound (I) (0.2g.) was refluxed with glsoial aoetio 
aoid (5ml.), water (5ml.) and O.lN-hydroohlorio aoid (0 .1ml.) 
for 2 hours when the solution reduced Fehling*s solution in 
the cold and gave a strong blue colour with the arsenophospho­
tungstic acid reagent in the presence of alkali-cyanide. After 
neutralisation the solution was evaporated to a brown syrup 
which with phenylhydrazine in aoetio acid gave an immediate 
precipitate of D-gluoos# rhenylosazone, m.p. 204® after recrys- 
tallisation from ethanol.
b) The derivative (I) (0.4Sg.) was dissolved in 35% aoetio aoid 
(lOsnl.), the solution maintained at 50® and the hydrolysis 
followed pelarimetrioally - see Fig. 6., p. 147. After 5 hours 
a slight coloration with the areenopaofphotungstic aoid reagent 
and a slight reduction of Fehling's solution was observed.
After 5 hours the rotation remained constant during a period of 
8 hours after which time it continued to rise reaching final 
equilibrium after a total of 56 hours. After 20 hours a strong 
colour was obtained with the arsenophosphotungstic acid reagent 
and the solution strongly reduced Fehling’s solution.
oj see 5 *1 .
6.1.5* Fartiîl Hydrolysis of Tri-QisoPropylidene o-Gluoosone Hydrate.
The compound (I) (1.32g.) was dissolved in 85% acetic acid 
(26ml.) and the solution maintained at 50® for IG hours. The 
solution was evaporated at 40® to a pale yellow syrup (l.lg.) 
and residual aoetio aoid was removed by co-distillation under 
reduced pressure with toluene. The syrup was dissolved in a 
few ml. of hot methanol and water added to turbidity; a small 
orystalline fraction (O.lg.), identified as unchanged (I), 
separated out and was removed by filtration. The syrup, which 
gave only a very faint colour with the arsenophosphotungstic 
aoid reagent and did not reduce Benedict's solution, was
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extracted with acetone. The extract was evaporated to a 
faintly coloured syrup, soluble in most organic solvents except 
light petroleum and insoluble in cold water* Attempts to 
crystallise it from various solvents met with no success.
6.1.6. Di-O-Acetyl-Di-O-isorropylidene o-Glucosone Hydrate.
The syrup (^.59g*) obtained by partial hydrolysis of the compound 
(I) was dissolved in acetic anhydride (4.0ml.) and warmed at 
75° for 5 hours witu anhydrous sodium acetate (O.lg.). The 
cooled reaction mixture was worked up as in 6 .1 .2. b), and the 
resultant syrup (w.47g.) crystallised from ether-light petroleum, 
colourless aggretated prisms, (0 .38g., 75.0%), m.p. 69°. 
Reorystallisation from aqueous methanol gave di-£-aoetyl-di-0- 
-ieopropylidene o-glucosone hydrate, m.p. 70®, +1 5.9®
(o, 1 .4 4 in methanol) [Found: C, 53.2; H, 6.6 5; CMe^, 25.4;
OAc, 24.3 (by direct titration). requires C, 53.3;
n, 6.7; 2CKe^, 23.2; 20Ac, 23'
6.1.7* Oxidation of di-Q-isoPropylidene u-Gluoosone Hydrate by Periodate at Room Temperature.
a) Reduction of periodate. Pi-Q-aoetyl-di-O-isopropylidene 
O-glucosone hydrate (0.134g.) was dissolved in O.lN-sodium 
hydroxide (12ml.) at 100®. The solution was cooled and neutr­
alised (inenolphthalein) by addition of O.lN-hydroohloric aoid.
0.265M-aodium periodate (2ml.) was added and the volume adjusted 
to 20ml. Jne periodate was determined on samples by the usual 
iodine-arsenite method; O .9 2 mole of periodate was reduced per 
mole of sugar in 2 hours, and 0.93 mole in 6 hours.
b) Formic acid production. Titration of a 6-hour sample (lOml.) 
showed that no )oid had been formed.
c) Formaldehyde production. The technique employed was that 
described by 3ell (1943). When the solution of di-O-isoprop- 
ylidene o-^lucosone hydrate obtained as in a) was oxidised under 
these conditions the product formed (32.2mg. in 2 hours, 34. 
in 24 hours* from 23.2mg. of the di-O-aoetyl compound) on
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addition of dimedone had m.p. 140-150°. After a single 
reorystallisation from ethanol (1ml.) the formaldehyde deriv­
ative, m.p. 184-1:^5° alone and mixed with an authentic sample, 
was obtained. 0.79 Mole of formaldehyde was formed per mole 
of the sugar in 2 hours, and O.SO mole in 24 hours.
By addition of water to the ethanolic mother liquor a orystalline 
product, m.p. 158-159* after two recrystallisations from 30% 
ethanol, was isolated. The expected carbohydrate product is 
1 :2-2;3-di-Q-isopropylidene 5~aldo-o-xylosone hydrate; it would 
appear that its dimedone derivative is insoluble in water. The 
carbohydrate nature of the orystalline derivative was demonstr­
ated by a positive result in Molisch's test, and, after hydrol­
ysis with mineral acid, positive results in Benedict's copper 
reduction test and in the arsenophosphotungstic acid test; 
acetone was found to be present in the hydrolysate.
6 .1 .8. Méthylation of Di-Q-isoPropylidene o—Glucosone Hydrate.
a) Beacetylation. The diacetate (l.Og.) was dissolved in dry 
methanol (40ml.) and sodium (30mg.) in methanol (6ml.) added.
The mixture was allowed to stand at room temperature for 12 
hours, and then evaporated under reduced pressure to a volume 
of 10ml.
b) Méthylation. To the above solution dry methyl iodide (10ml.) 
was added and the mixture refluxed for 1 hour during which time 
sodium iodide separated out. Anhydrous calcium sulphate (l.Og.) 
and fresh silver oxide (5 *0g.) were added and reflux continued 
for a further 4 hours. The mixture was extracted with dry 
acetone (150ml.) and the extract evaporated to a syrup which was 
subjected to three further méthylations. The product was dis­
tilled in a vacuum (90-110°/0 .05mm.) to yield syrupy di-£-methyl 
di-O-isopropylidene o-glucosone hydrate (0 .37g., 43%), +1.2®
(c, 3 .3 in methanvl) (Found; OMe, 19-5» requires
20Me, 20.4%).
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6.1.9. Hydrolysis of Di-0-**etliyl-Di-Q-isoPropylidene o-Qluooaone Hydrate.
A solution of the di-£-msthyl derivative (50rag*) in methanol 
was evaporated to a small volume (0.25ml.), water (1ml.) and 
oonoentrated hydroohlorio aoid (2 drops) added, and the mixture 
heated at 100° for 10 minutes. The hydrolysate was neutralised 
by addition of solid sodium acetate. ^-Bromophenylhydraziae 
hydrochloride (0.2g.) and sodium acetate (ü.2g.) were added and 
heating- continued for a further 10 minutes. On cooling an oil 
separated out and crystallised on scratching. On reorystall- 
isauion from aqueous ethanol the derivative showed m.p. 154°; 
Salmon & Powell (1959) give m.p. I56® for 5:6-dl-£-methyl 
D-glucose j^-broraophenylosazone.
6.1.10. Oxidation of 5:6~Di-0-Methyl o-Glucosone.
To N-sulphuric aoid (2ml.) in an open dish heated on the boiling 
water bath was added dropwise a solution of di-£-methyl-di-0- 
-isopropylidene p-glucosone hydrate (15ümg.) in methanol (4.5ml.). 
After 15 minutes heating to remove methanol the yellow solution 
was transferred to a conical flask and cooled. 10% Sodium 
metaperiodate (6ml.) was added and the mixture set aside at room 
temperature for 72 hours. From the reaction product, by the 
method of Salmon & Powell (1959)» there was obtained a solution 
of u#-dimethoxypropionic aoid, identified as its j^-bromophen c/1 
derivative (150mg., 64*5%).
(N.B. Alternative methods of preparation of tri-Q-isopropylidene 
o-gluocsone hydrate are outlined in Part II, 3 .2.2.1.).
6.2. t-Glucosone.
6.2.1. iri-O-isoPropylidene l-Glucosone Hydrate.
When L-glucosone (l.Og.) was treated with acetone as described 
in 6.1.1., crystalline tri-O-isopropylidene t-gluoosone hydrate 
(0.2g., 1 1.5%) was obtained, m.p. 125®, +6.8® (c, 2 .0 0 in
methanol) (Found: C, 57.1$ H, 7.6%).
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6 .3* 3-0-Methyl p-Gluoooone.
Treatment of 3-£-methyl D-gluoosone with aoetone as described in
6 .1 .1 . gave a product, isolated in the usual manner, which could 
not be crystallised. The derivative was non-reducing, was 
insoluble in water, and gave qualitative tests for an isopropyl- 
idene derivative; decomposition occurred on attempted distill­
ation in a vacuum. On hydrolysis with dilute mineral acid 
3-£-methyl o-glucosone was obtained, characterised as 3-jO-methyl 
D-glucose phenylosazone, m.p. 174®. .
6.4. i-Gulosone.
6.4.1. rrl-O-isoiropylidone t-Gulosone Hydrate.
When L-gulosone (4 .0g.) was treated with acetone in the manner 
described in 6 .1 *1 . gave a crystalline product (0 .9g., 13.0%), 
showing physical and chemioal properties similar to those of 
tri-O-isopropylidene o-glucosone hydrate. Recrystallis tion 
from methanol gave tri-Q-isopropylidene L-gulosone hydrate, 
m.p. 135** -20.4® (o, 2.25 in. methanol) (Found: C, 57.1#
d, 7.5* SMOi* 59.6. G a 24 G, requires C, 56.9# H* 7.6 *
GKe^ , 59.9%).
6 .4.2. Hydrolysis of Tri-Q-isoxropylidene t-Gulosone Hydrate
a) Treatment of the tri-O-isopropylidene derivative in the manner 
described in 6.1.4. a) gave a syrupy product which with phenyl­
hydrazine in acetic aoid gave t-guloee phenylosazone, m.p. I63®.
b) The derivative (0 .5g.) was dissolved in 35% acetic aoid (loml.) 
the solution maintained at 5G° and the hydrolysis followed 
polarimetrioally - see fig. ?., p. 147. After 3 lOurs the rot­
ation remained constant during a period of 3 hours after which 
time it decreased reaching final equilibrium after a total of 70 
hours. Aftèr 15 hours a strong colour was obtained with the 
arsenophosphotungstic acid reagent and the solution strongly 
reduced Fehling*s solution.
0 ) After hydrolysis with O.lN-sulphurio acid a 94% yield of
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L<*gulo89 2 :4-dlaitropbeayloaa%one was obtained on treatment 
v,ith a 1*3% solution of 2:4~dinitrophenylbydrazine in 2N-hydro- 
ohlorio aoid according to the directions described in 5 *1 .
6«4*3* Partial Hydrolysis of Tri-O-isoPropylidene L-Gulosone Hydrate.
ihe tri-O-isopropylldene derivative Cl.O^g.) was dissolved in 
5^ acetic aoid (20ml.) and the solution maintained at 50® for 
4 hours. The solution was evaporated at 40® to a pale yellow 
syrup (0 .8g.) and residual acetic acid was removed by co- 
distillation under reduced pressure with toluene. The syrup, 
which gave only a very faint colour with the arsenophospho- 
tungstic aoid reagent and did not reduce Fehling’s solution, 
was extracted with acetone. ih^ extract was evaporated to a 
syrup, soluble in most organic solvents except light petroleum 
and insoluble in cold water. Attempts to crystallise it from 
various solvents met with no success.
6.4.4. Di-O-Acetyl-Di-O-laoiropylidene t-Gulosone Hydrate.
The syrup (0.75g*) obtained as in 6.4.5* was dissolved in noetic 
anhydride (8 .0ml.) and warmed at 75® for 5 hours with anhydrous 
sodiuti acetate (0.2g. ). The cooled reaction mixture was worked 
up as in 6 .1 .2. b), and the resultant eyrup crystallised from 
aqueous methanol to give ii-O—acetyl-di-Ü-isopropyliïene L-gul- 
oson? (0 .70g., 72.0,5), a.p. 94", la], ♦22.5® (0, I .5 0 in matn- 
anol) iFound: C, 53.35; H, 6.65: 2 3.1; OAo, 24.5 (by
direct titration). requires U, 5 3*3 ; H, 6 .7 ; 2C%ei,
25.2’ 20AO, 23.9;«j.
6 .4 .5 . Oxidation of Di-ù-i@o^ropylidene t-Gulosone dydrate by Periodate at ^oom Temperature.
a) deduction of periodate. An ilkaliae hyirolysate of di-0- 
-acfttyl-di-J-isopropylidene L-gulooone hydrate (0 .120g.) was 
treated with O.265H-sodium periodate (2ml.) in the manner descr­
ibed for the corresponding derivative of w-glucosone (6 .1 .7 * a). 
The periodate was determined on samples by the usual iodine-
192.
-areenite method; O.9O mole of periodate was reduced per mole 
of sugar in 2 hours, and 0 .9 6 mole in 6 hours.
b) Formic aoid production. Titration of a 6-hour sample.(lOml.) 
showed that no aoid had been formed.
o) Formaldehyde production. By the technique described in0 .4(16 .1.7. c) it was shown that O.S2 jaole of formaldehyde was formed 
per mule of the sugar in 24 hours.
From the ethanolic mother liquor of the recrystallisation of the 
dimedone derivative of the formaldehyde farmed during the uxida- 
t.ion , as obtained a crystalline product, m.p. 137®, mixed m.p. 
with corresponding derivative obtained from the oxidation of 
di-Q-isopropylidene o-glucosone hydrate (m.p. I38-I59®) 137®.
6 .3 . D-Xylosone.
Treatment of o-xylosone with acetone as described in 6.1.1. gave 
a product, isolated in the usual manner, which could not be 
crystallised. The derivative was non-reducing, was insoluble 
in water, and gave qualitative tests for an isopropylidene deri­
vative. On nydrolysis with dilute mineral aoid u-xylosone was 
obtained, characterised as o-xylose phenylosasone, m.p. 166®.
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SÜMHfekY.
1 .  ^critical and comprehensive review of the published work 
on the preparation, properties, structure, and biological 
significance of the osones is presented*
2. A full experimental investigation of the methods of 
preparation of osones is reported* By the introduction of 
modifications established methods have been adapted for the 
xreparation of osones, possessing a high degree of purity, 
in higher yields than hitherto obtained; a number of new 
preparative procedures are described*
3 * The physical properties of glucosone, including rotational 
behaviour, ultraviolet absorption spectrum, chromatographic 
analysis, and ionophoretic analysis of aqueous solutions, 
properties which have hitherto received little or no 
attention, have been studied; the results are discussed in 
relation to the structural features of the osone and to the 
detection and identification of glucosone when in admixture 
with other sugars or in biological material*
4* The effect of acids and of alkalis on glucosone has been 
investigated and the preparation and properties of a number 
of osone derivatives with substituted hydrazines are described* 
Methods of estimation of glucosone in the presence of other 
sugars have been evolved#
3* The preparation, properties, and structures of isopropyl­
idene derivatives of a number of osones are described, 
lî2-2:3-3:6-Tri-jO-isopropylidene u- and t-glucosone hydrate and 
1 : 2 - 2 : : 6-tri-Q-isopropylidene t-gulosone hydrate were 
obtained, the first crystalline derivatives from which the 
corresponding osones may be readily regenerated*
194.
6. The possible structures which may be assigned to o-gluoosone 
on the available evidence are discussed.
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